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"Investigation of Microbiologial Effect on
Geological Disposal
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Hisao Wakamatsu***

Abstract

Geomicrobiology for the geological disposal of radicactive
wastes and the assessment of potential microbial effects on
chemical and physical changes in repository environments and
nuclide transport have been pointed out to be of cardinal
importance. However, the detailed effects of microbes are
poorly understood.

Tn order to study microbial activities in underground and
their effects on a repository and to know the recent study
status, a literature survey was performed. In addition to this,
the current research activities of major research laboratories
in the world were investigated. And microbiology related
meetings and conferences were also searched.

In the literature survey, biodegradation and physical
disruption of materials, gas generation, alteration of ground-
water chemistry and the direct uptake of radionuclides were
identified as factors which potentially affect the nuclide
containment capability of the repository.

And through the search for laboratories and meetings,
information on the most recent status of biological study on
the underground repository and on conferences related to
geomicrobiology were obtained, respectively.

*  Geological Isolation Technology Section,
Tokai Works (Hideki Yoshikawa)

** Biotechnology and Environmental Engineering Department,
Research Institute, Ishikawajima-Harima Heavy Industries
Co., Ltd.

***Nuclear Fuel Cycle Development Department, Nuclear Power
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T, 2 oBONIMEIRINF-—DERATPERHRT I LENMETH S, AR
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[The Geomicrobiclogy of Nuclear Waste Disposal J , J.M. West et al, Institute

of Geological Sciences, Sci.Basis Nucl, Waste Mgt. 7,1984
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[Preliminary Investigations of Deep Ground Water Microbiology in Swedish

Granitic Rock] K. Pedersen, SKB T/R 28-01, 1987
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[Deep Ground ¥ater Microbiology in Swedish Granitic Rock and it”s Relevance
for Radio-Nuclide Migration from a Swedish High Level Nuclear Waste Reposi-

tory | X Pedersen, SKB T/R 89-23, 1989
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FMicrobial Mediation of Radionuclide Transport - Significance for the

Nuclear Fuel Vaste Kanagement Program] D.R,Champ, AECL, 1984
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TAnaerobic Microbial Transformations of Radioactive Wastes in Subsurface

Environmgnts J A.J.Francis, Brookhaven National Lab., 1984
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[The Potential Significance of Microbial Activity in Radioactive Waste

Disposal | A. M. McCabe, Berkeley Nuclear Lab.,, 1987
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% 1.2-1 BREEBICNT 3 B8EYOmED

Table 1. Tolerance of microbes to extreme environments (updated from West
et al. (5)

Condition Examples of Organism Limit of Growth
. >
High temperature 'Black smoker' bacteria A 250°%C
(at 265 atm)
Low temperature Sporotrichum carnis < '2000
High pH Nitrobacter sp
Nitrosomonas sp > 13
Low pH Thiobacillus ferrooxidans 0
High salinity Halobacterium halobium Z 50% salt
by wgt.
Low salinity Salmonellz oranienburg < 70 ppb
™~ dissolved salt
High pressure Vibrio desulfuricans . R 180 MPa
(Desulfovibrio desulfuricans)
Radiation Micrococcus radiodurans S8ingle dose

5 x 10° rad
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# 1.3.1-1 AvroF ZAMIOR—Y Y FALEVO 1 TORTKO{LSEME?
Table 3-1 The chemical composition of the ground water at
the Avrd test site, borehole EVO1

Level 635 : 558 522 420
Date 870420/22 870602/03 870825 870922/23
pPH 6.5 7.2 7.0 6.9
Cond. mS/m 2660 1310 680 232
Oxygen mg/1 0.05 0.09 - 0.2
TOC mg/1l <0.5 3.9 - 8.6
Si mg/1l 4.0 5.1 5.8 4.9
Na mg/l 3200 1500 750 255

K . mg/L 8 6 7.4 5.0
Li mg/1l 1.2 0.55 0.21 ¢.0051
Ca mg/1l 2800 1100 440 162
Mg mg/1l 31 60 42 29

Sr mg/1l - 20 6.0 5.9
Al mg/1l 0.027 0.39 0.11 0.16
Mn mg/1l 0.18 1.7 2.4 3.1
Fe_tot mg/l 0.438 l1.02 2.23 1.68
Felt mg/l 0.430 1.02 2.23 1.68
HCO; mg/1 9.9 42.3 81 1.87
Cl mg/1l 8700 4300 1970 €16

F mg/1 1.4 1.8 2.2 2.6
Br mg/1l 72 24 8.9 3.0

I mg/1l 0.72 0.32 0.10 0.06
s”2  mg/1 <0.01 0.81 1.20 0.59
POy mg/l <0.003 0.010 <0.005 0.001
S04 mg/1 400 220 118 47
NO, mg/1l <0.001 <0.001 <0.001 <0.001
NO4 mg/1l <0.01 <0.01 <0.02 <0.01
NH;  mg/1 - 0.080Q 0.06 0.08
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# 1.3.1-2 Hindasni®d360mORSOMBAMFKDLEHRE
Table 3-2 The chemical composition of the 60 m deep referen-
ce well water at Hindds. The pHE was 6.5
OxXygen mg/l <0.1 Mn mg/1l 0.18
TOC mg/1l 1.4 Fe_tot mg/l 4.2
si mg/1 7.0 Fe2* mg/1 -
Na mg/1 7.2 HCO4 mg/l 62.7
K mg/1l 3.5 cl mg/1l 12
Ca mg/1 16.8 POy mg/1l 0.067
Mg mg/1 2.8 NO» mg/1 0.0024
Al mg/1l 0.24 NO3 mg/1 0.019
NH mg/1 0.140
# 1.3.1-3 Stripagkihi7 X IO A -V L AV 1, V2 TOMTFTAROIEFMEERE
Table 3-3 The chemical composition of the ground water at .
the Stripa mine test site, borehole V1 and V2.
Borehole V1 v2:1 Va2:4 V2:5
Level 505-505.9 559-822 402-410 389-397
Date 870212/0423 B870212/0423 870212/0423 870212/0423
PH 9.42 10.24 8.37 9.55
Cond. usS 1460 1180 1664 425
Oxvgen mg/1l - - - -
TOC mg/l - - - -
si mg/l - - - -
Na mg/1 230 210 210 87
K mg/l . 1.2 0.47 0.60 0.19
Li mg/1 0.064 0.043 0.045 0.018
Ca mg/l 200 110 230 31
Mg mg/1l 0.25 0.047 0.30 0.10
Sr mg/1l 1.6 1.0 1.9 0.27
Al mg/l 0.007 0.036 0.027 0.031
Mn mg/l - - - -
Fe_tot mg/1l 0.006 0.017 0.008 0.004
Fe?* mg/1 <0.005 0.015 <0.005 <0.005
HCO3 mg/l - - - -
C1 mg/1 580 510 700 180
F mg/1 5.3 5.4 3.0 4.8
Br mg/1 - - - -
I mg/1l 0.15 0.29 0.19 0.030
s2 mg/1 <0.01 3.4 0.15 <0.01
P04~ mg/l - - - -
504 mg/1 82.4 35.6 80.9 4.83
NO» mg/1 0.002 <0.001 <0.001 <0.003
NO5 mg/1l <0.010 <0.010 <0.010 <0.010
NHy mg/l <0.010 <0.010 0.010 <0.010
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# 1.3.1-4 KAVQ1l, KAS02, KAS03, KASO4. KLX0 10Tk
DO{bEERK

Table 3~5 The composition of the groundwater of KAVOl, KASO02,
KASO3 KAS04 and KLX01. -f=field lab, -b=bore hole
sonde, -=not determined.

Borehole KAVDl KAV0lI KAY0l KAV0l  KLXO0! KLXO0l

Level m 420 522 558 635 272 466

Date 870923 870825 870603 870421 881209 881123

Analyse 1391 1383 1374 1354 1538 1528

number '

Temp °C 12.9 14.86 15.0 - - -

pH 6.9 7.0 7.2 6.5 7.93 8.2

E,-f my -213 -290 -230 -112 -240 -

E -b my -215 - -204 - - -

Cond mS’m 232 680 1310 2660 760 637

N, pl.! - - - - 25000 -

H, ul- - - - - 88 -

He ul-l - - - - - -

CH, pll - - - - 110 -

co pl - - - - 14 -

Co, plil - - - - - -

O.-T mg | 0.18 0.16 0.10 - 0.35 -

TOC mg-l - - 39 <0.5 1.5 1.4

SiO., mg ] 49 5.8 5.1 4.0 11.4 11.6

Na” mg | 255 750 1500 3200 1011 854

K~ mg | 5.0 7.4 6 3 5.68 6.0

Li~ mg | 0.0051 0.21 0.55 1.2 - 0.15

Ca™* mg | 162 440 1100 2800 244 225

Mg™* mg | 29 42 60 31 26.2 17

ok mg | 5.9 6.0 20 - - 4.0

AlT3 Cmg | 0.16 0.11 0.39 0.027 - 0.092

Mn™? mg | 3.1 2.4 1.7 0.18 0.157 0.138

Fe®" mg | 1.68 2.2 1.02 0.430 0.198 0.350

Fe, mg ‘) 1.68 2.2 1.02 0.438 0.200 0.410

HCD,  mgl 1.87 81 42.3 9.9 80.6 77.0

c1 mg -l 616 1970 4300 - 9700 2070 1698

F me 1 2.6 2.2 1.8 1.4 2.32 2.46

Br- mg ! 3.0 8.9 24 72 6.03 6.44

I mg 'l 0.06 0.10 0.32 0.72 0.13 0.12

5 mg | 0.59 1.20 0.81 <0.0] 0.473 0.460

0O, mg 'l 47 118 220 400 48.5 105

PO, pg, | 5 5 10 3 <1 4

NO,.” pngl <] <] <l <l <] <!

NO,’ pg. | <10 20 <10 <0 <10 <10

NH, ug il 80 60 80 - 81 61

Drilling

water O 9.6 10.0 - - 4.60 13.7

Water

llow ml, min. 178 165 200 120 130 138
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Table 3-5 continuing

Borehole KLX0l  KLX0l  KAS02 K AS02 K AS02 K AS02
Level m €80 680 202 314 463 860
Date 881102 891101 890111 880412 880425 890131
Analyse 1516 1633 1543 1419 1428 1560
number

Temp °C - 16.1 - 12.41 15.47 16.32
pH 8.05 7.9 7.43 8.52 8.34 8.35
E,-f mV -280 -246 -258 -293 -218 -140
Eh—b mny - - - - -
Cond. mSm 1714 1540 1541 1560 1630 3130
N, pli 72000 33800 38600 - - 48000
H. pl i - - 610 3700 -

He pl | - - - 3000 -
CH, pl b 220 44 30 60 34
co pl 1 1.5 - 0.6 20 42
co, i 290 350 - 1400 490
0.-f mg | - - 0.01 0.04 0.38
TOC mg '] 1.2 3.3 6.0 2.4 3.0 <0.5
Sio, mg | 13 5.78 13 5.23 3.6 8.38
Na“© mg | 1120 1619 1206 1560 1800 2845
K~ mg i 6.4 5.84 i 7.1 3.1 11.0
Li” mg | 0.53 - 0.38 - 0.81 1.90
Ca™* mg | 1400 - 998 t541 1580 3831
Mg* mg | 9.1 - 60.8 75 66 315
Se”t mg | 24 - 18 - 30 63
AlT? mg | 0.083 - - - 0.046 0.062
Mn™? mg | 0.191 0.620 1.0 0.81 0.73 0.28
Fe®" mg | 0.029 0.139 0.483 0.792 - 0.485
Fe, ., mg | 0.031 0.139 0.500 0.793 0.964 0.50G
HCO, mg | 239 - 7] 26.6 25 11.0
Cr mg 'l 4361 - 3822 5343 5440 11097
F mg | 1.63 1.73 1.36 1.33 1.4 1.62
Br’ mg | 38 28.5 13.4 22. 28 74.1
I mg ‘1 0.27 - 0.30 0.33 0.32 0.69
s mg ) 2.55 0.665 0.48 0.143 0.13 0.715
so,? mg | 351 392.5 106 271 290 518
PO, " ug.! 2 3 3 2 4 i
NO, pg il <] <] 2 <] <] <]
NO,’ pg 'l <10 - <10 <10 <10 <10
NH," pg 'l 4 40 39 330 220 Pt
Drilling

water , 2.62 1.992 0.808 0.616 0.38 0.224
Water .

flow mb‘min. 138 96 61 180 160 135
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Table 3-5 continuing

Borehole K ASO3 K ASO3 K AS04 K AS04 K AS04
Level m 129 860 195 2%0 380
Date 890222 890315 850417 890427 8790403
Analvse 1569 1582 1596 1603 1588
number

Temp °C 10.2 20.5 10.83 - -
pH 8.04 8.12 2.19 8.00 8.07
E,-f mV -280 -270 -290 -285
E,-b my -260 =250 - -
Cond mS ‘m 471 3532 264 1082 1926
N, bl 20000 40000 34000 50000 7000
H. ul ol - - - - -
He plil - - 720 2700 1800
CH, pl el 16 37 85 28 3.6
Co ul 1 i 35 0.7 - 1.3
Co, pl | 1200 175 4500 960 330
O.-f mg | - 0.26 0.33 - 0.29
TOC mg i 2.0 0.5 6.9 5.3 1.3
Si0, mg | 11.5 9.02 10.9 8.9 1.2
Na” mg | 609 2998 384 1180 1883
K* mg | 2.20 5.49 218 5.51 5.04
Li” mg | 0.13 1.65 - 0.38 0.94
Ca™* mg | 163 4376 91.5 769 1657
Mg™* me | 20.4 43.7 5.7 30.4 58.3
Se*? mg | 3.3 78 1.8 12.6 28.9
Al mg | 0.039 - - -
Mn™* mg | 0.105 0.25 0.075 0.29 0.45
Fe®" mg 'l 0.123 0.076 0.040 0.324 0.255
Fe,.. mg. | 0.124 0.077 0.041 0.325 0.260
HCO,  mgl 61.2 10.6 227 68.8 20.5
cr mg-1 1234 12297 500 3058 5845
£ mg | 22 1.58 4.12 2.65 1.70
Br mg 'l 4.81 84.7 2.50 15.9 24.4
I mg | 0.10 - 0.07 0.16 0.44
5° mg 'l 0.586 1.28 1.0% 0.42 0.61
s0,” mg 1 3.1 709 179 221 407
PO4" pg'l 5 <3 7 4 <3
NO, pe’l <l <l <] <] <]
NO, pg 'l <10 <10 <10 <10
NH,~ pg 'l 36 - 15 838 50
Drilling

water %o 0.064 0.13 0.16 0.51 0.08
Water

MNow ml, min. j22 118 100 108 G3
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TABLE 3-3. ENVIRONMENTAL LiMITS FOR GROWTH AND REPRODUCTION
OF MICROORGANISMS

Factor Lower limit Upper limit
Temperature —12°C (fungi, bacteria) 104°C (sulfate-reducing bacteria
at 1000 atm)
E, (at the ~—350to —450 mv at pH 8to 4850 mv at pH 3 (iron bacteria)
prevailing pH) 9.5 (sulfate-reducing

bacteria)

pH 0 (Acontium velatum, 13 (?) (Plectonema nostocorum)
Thiobacillus thiooxidans)

Hydrostatic pressure  Essentially 0 1400 atm (deep sea bacteria)

Salinity Double distilled water Saturated brines (Dunaliella,
(heterotrophic bacteria) halophilic bacteria)

Adapted from Vallentyne (1963) and Vallentyne (personal communication).
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# 1.3.1-6

TABLE 3

BRERE~OKEYR TS

Tolerance of Mlicrobes to Extreme Environments

Environmental
Conditions

digh temperature
(Thermophiles)

Low temperature
(Psychrophiles)

RBigh pH
{Basophiles)

" Low pH
(Acidophiles)

High salinity
(Halophiles)

Low salinity
{Nonmholophiles)

High pressure
(Barophiles)

High radiation

Examples of
Resistant Organlsms

Bacillus
Stearothermophilus

"Black Smoker”
bacteria

Sulphate reducing

bacteria

Sporotrictium
carnis

Nitrobacter sp
Nitrosomnas sp

Thiobacillus
ferrooxidans

Halobacterium
halobium

Salmonella

Vibrio desulphuricans -

{Desulfovibrio
desulfuricans)

HMicrococcus
Radiodurans

gaccharomyces
cerevisilae

Limit of Growth

> 80°C

~

> 250°C (at
265 atm)
25.5 MPa

> 104°C
(at 103 atm)

< - 20°C

> 13

> 507 salt
by weight

> 70 ppb
dzésolved salt

> 180 MPa

Single dose
> 5 x 107 rad

Single dose
> 106 rad-

References

Baker et
al, "1985

Kuznetsov
et al,
1963

Zobell,
1958

Zajic,
1969

LZajle,

1969

Lundgren et
al, 1972
Horikoshi
et al,

1982

Zaijle,
1969

Zajle,
1969

Kuznetsowv

et al,
1963

Nasim and
James,
1977

Zajic,
1969
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#® 1.3.1-7 BIRBRES ~ O B i £

e 3.3

gb2 =

orance of microbes to extreme environments

1012-¢cd from West at al., 1987a)

ppfa=es

condition

o et e e e e e

gigh temperature

row temperature

gigh pE

Low pH
High salinity
Low salinity

High pressure

Radiation

Chemical Toxins
e.qg. *PbClz

= CuSO4

* Ehrlich (1978)

Examples of organism

*Black smoker’ bacteria

Sporotrichum carnis

Nitrobacter spp

Nitrosomonas spp

Thiobacillus ferrooxidans

Halobacterium halobium

Salmonella oranienburg

Vibrio desulfuricans

(Desulfovibrio desulfuricans)

Limit of growth

2500C (at 26.5MPa)
- 20¢c

13

50% salt by wt

70 ppb
dissolved salts

180 Mpa

Micrococcus radiodurans

Aspergillus niger

Pseudomonas C-1

Single_dose
5 x 10° rad

67 mg m1~L

=3

10% M-10% m
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1.3.2 MAEYOFEDRER
WTRETOBEVOEELZEZR T30, sTHTEEL OB ZHERLAZDE, £
OEBICH L TROFEEBA LT RERORELAS,

OBEME I

Chid,. APOMEYORERADZEVIAETROIERNTH LA, TOHTEE
THRBLTVWAREY., EETRVIFNBEHILTLRVEEY., BLUCRALEBREYOD
ZEERNTI2O8REBLTHLVLYY  H->T BREOFMIT T LW,

QILEYERMER

Chid, HTREZOEETRDPSTETCHETERVWHEYPOEBRESLP L RALF —RO
HE. RAEMEROEEZ. ATRETOREYBEREFIRLTVELEISNZEHE
PEZEAFCMAT—ERBERT I LD, BRBZFET. 0537 b—TOHK
EMPEZERTI0NMETES?, Ll BEYH L OBREBHETIL,

@ —Y—i XBFEEAE
BEHERAMTRESOYELBENCMI AT Y, TOEERHIFETHE'Y . 1k
FYERMERTE., pBOZEOYPEEXEBCMAZILERZ0T, HTRELEV
CONBENZRETHEYEYE WHEHRHTIEAE) 2RI LKE30ML, LD E
BIEWRETOEEN DM B,

PBro=Z-0FgcadBod ) vy rFEemiclo0EBEHc2WT, BTEDRT
%o '

(1Y HvFYyrrhHH
HTEETOMEGDEEERZTA LV IENTORT KOS 7Y 7, A%

BH#ERED THiE.

a YTV ISR T HEDTASEN SN, BHIHORETIEDIS
OARDBENDOHEREHBRTEEHNY



PNC Z N8410 92-013

b.ENOKELZZL Fic, FATBRCHNIZ LU ERETITELAD» I M
HEDHMILLE, LML, ZOHEEICHNTIROLILEEBEEBNRA R

2)3110)
TWw3s? o

O— A MEFANERE (field laboratory)
WTROEREDFELRAZO LD OB T, Vikberg(1987) FEHMARZRL TWVWS 'O
Yo F3 Ry TTRAELETFTHE EGZARN S,

QHARYF VTS5 —

BEYABO DA ZAGHHORBBRRE T, ZEORBRNOES COMBEREH,
SRIFTE 5, MR, ZREMN3 L LU EBRORERNOBEEDENOE T HES
TERLENTEBY,

@F—Y v7H

E&T5mm?ﬁﬂ8ht:7(mm=ﬂﬁ%@ﬁ)”’béﬁyffﬂTm%&&m
T, a7 RIEHIOR. 100-150 mMORSOFHEBHAIr SO TREFRZIN S, WHIK
RV —F—¢LTOY 5= (uranine ) TEHRINLZ (L# LHERRI00-150m1/5
KETHETREALRDTH L) o EBMEMRELIERTR, ¥ 7Y v 74 38Tk~
DERIKBARS 62-13. 7%, 0.06-0.51%& WS EHABLATVE 'Y | (GEEIE. HTFX
EWRL. BTRPOY I = VBEERET A &Ik -> THEEKBEARERD T L
Hd, )

ﬂi@ﬁyfuyfﬁﬁﬁﬁéﬁﬁ\iﬁﬁ(%ﬁ)@&Eﬁénfh%”’oéﬁﬁ
Kohfﬁ@&@@ﬁ?ﬁ%ﬁ%béh%ﬁ\%%ﬁﬂomfﬁ@?%ﬁbf%@?ﬁﬁ
ﬁgbeﬂhomB\ﬁy7&&1&ﬁﬁﬂ¢@ﬁ£%@$ﬁm%§%%irm6#%L

0,
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(2) BEDHE
ik

RFREOMENOREN LSS ORMETH 5. RENHRIETE L THBENRER
bUTVE, L L. BREBC B I2HEOREE L HMZ0RBHTHE L\, Mk
SHIEIE. YA L LB TRAKITREZ TV AN EIHHRTELTVISTH 5,

HEETOWRIL2RBTI DI, EFE, ERULTED A XRBECER S E
BLT, =2 0B, SORBEAP ZOMBEOFAV CARTRAZHR (2o=—) %44
53L&l a0 —DEDPCHERERDIFENS D, COFETRKD-MEKEE
Eﬁ&mioLbLﬁE\EEEMEmmm5%ﬂ®¢K\?&Toiérm5mﬁm:
Po—%fEbR 3 CLOTELHMERY., HEOBECL->TEXARUEIRBEERT
BMETHB, Ldd, £ETVAILRBFERTHITEDZN, LALERE % &
STHIT - EFo R SNTVHEL VS, - TEEKR. 2 TVWAHBEOROS
BRERTLEXALINETH 2, BHEFREL TR, E5EHBOERICLD. OOEK
ERDOTEND 3B,

—H EETOEHNES PRI LT, MEOKELTVS bOE ERETHA B HE
WHB, COABRTRILHERE2SERLV S, 2EHRURATRELSLELES, B
FTEBRBTIVI VAV VRS IRBETHIBEEREEHANTEZ L Ebh 325,
ﬁfb%ﬁ%?ﬁumo%o?%%ﬁﬁ\i%fhé%%@ﬁ@%kﬁ%ﬁ?&%i%ﬂ
%o |

UF. XBEERIW TV 2280, SERORAEFEEENT 3,

<2EE> _

Q779 P4V PR ks L HAEMET COFEY

AREMERC. ABKO—BEX 7V ERTI4 A7~ (0. 2pm, BEE=13mm)
THEL, ERBIENTOEERC L, SRBORTH O RS OMBEKEHs
Ltoﬁﬂﬁ\10mg®79U9?#DV9\45mg®KH2PO4\B£U59m
g@NaéHPo4%100me@ﬁﬁﬁ%*mﬁ#btﬁﬁfsﬁﬁmétto%ﬁt
74N E—ik, EE125 0fSORNERE (7449 —<515n0m, Zeiss)
RTHEB (390-490nm) TRESN. 74V —k2% 1 58FNHKshx
(1. 1X10"cm? /%),
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@LEoHRE
ZZVRTI74N5— (0. 2m, EE=13mm) I, 25mgdSudanbl

ack%T75me ®39%Ty/ —NViKBENLTE5me OFREKTHERLUTERLAS
danblackBRTHONPULDFREEBLE, 2071 V7 —RREKTHENICHR

SThOERLI, TZUPF LY (AD) BHEBAODAYEB201 /1 0DEBE

Ll AOBHELOmL F2o8F LI, 3NTOBRIKZI T4 V7 —THEL

BRO—-MEFHRBELALZ/YVRT 74 N9 —LT—-20KPaTE#AL, AOTESH

g L, BITRXBR2 EEBICT-> oA, FFRIZER500-60 08B ELIZ15

HE (0. 0064mm? ) &L,

<FREEBREERER>Y
HRHEEEREAERE., B4 RU22E8BYRE (1. 5g/2&0. 15g/4)
DS ERVATERARETHE L e, EHLAEMIE. RSP0, 5g, BF
1$X0.5g\$35%0.25g\?A$&0.25g\Ca012°2H20 Q.
:Zg\MgSO4-H2 4 0. 1g. BEMTKRKOESBE
HEONaCl, HELEAHImL . BEX15g. ZEKL000ms h S5 DT,
PHEBEE®RT. SEBIN:, COBHEMALT S, 2BHOBHE, "7 b
BEIFA, REIW. BIETARAEMADL /1 0DBEETEAY, ThEMCL

0 O.4g\KZHP0

?_50
ﬁﬁ&ﬁi‘giﬁli\ZnSOzl'THzO 2. 2¢g. CaClz'ZHZO 7. 34 g.

MnC12-4H20 2.5g\CoCIZ-6H20 0. 5g. (NH4) 6Mo
024°4H20 0. Sg\FeSO4°7H2.O Sg\CuSO4-5H20 0.
2g\'Na2EDTA 50g. PHFENEENaOH, #BXK1000mes (pH4. 0)
Mo b,

ﬁﬁmﬁﬁoﬁﬁwﬁﬁmtbﬁﬁ%ﬂﬁmm5nto%nu\CaClz-szo
4 5 2HPO4 0. 1g. EHTRKDIE
SEERYONaCl, #8 (0. 2xm) BZK1000mz hoEs,

BNRBERT I/ v VTHES M- 2HE OSBRI WG T 3 BE I TIBRERL, £X%

ERC=ZETRBRLL (AUREKEEEIMOBREREVET) . MAERIZ20C

0. 2g. MgS0O , -TH,O 0. 4g. K

TTHR. MCERBILABEA »Fax—varli,
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<BEBSERBRERBH >
BEBSEEREMERR L. 550 OARYBEOEEER L L BRI KL TH

Elko A LASIBE, XF P20, 5g. BBIF20. 5g. XESW0. 25g.
?A$A0.25g\0a012-2H20 0.2g\K2HPO4 0. 1g. W
MFADEABERLONa C | HBLEAK Ims . XL 5 g, BEK1000me
o250 T, pHRERERT. @B,

BESBBER. ZnSO4'7H20 2. Zg\CaC12'6H20 T. 34 g.

MnCl,+-4H_,0 2. bg, CoCl

9 2 -6H,0 0. bg. (NH4) 6Mo

2 2

024'4H20 0. 5g\FeSO4-7H20 5g\CuSO4-5H20 0.

Zg\NazEDTA 50g. pHEEHENaOH, #8K1000ms (pH4. 0)

MoK B,
iﬁmﬁﬁoaﬂ@%ﬁotbﬁﬁ%ﬂﬁmmBnto%nm\CaClzoszo
O.Zg\MgSO4-7H2O O.4g\K2HPO4 0. 1lg. BEHThkDiE

SEEHYONaC], REK1000mE hofEd, 2R IIHNET /v 7 THIEZ R
REEBOFRIETIREZ TIHEREFRL. BREFE=ZET8HK L (RACBRKE
iR IMOEBRERICEDET) o TNHOB20CTTHRE. 41 vFa—s3 Lk,

(REE: DL 2FHAR., XETREASHERBYZWEYN., BSERBEEUERK S
ShTVEN, FEEZRABD, Fbod FREBICBERSERBLASHERK] &

WHRETHS D, )

<HIHEHEEFIBHRH>Y (REBEE: ChdULAREZEREREEOINETHAD)
BRUEEBREHEEIFRERBREREREARCHEL LD, MTOEBMET -
toMA%@&MC%@K@*%&@W&leﬂatblg@KNOS%mztc:n
5%%4ZMB. MD& 5, FRIZ10%CO,&90%N, (0x0id RV ZF L) O
HENBEKT20CTTH (MB) $4B14H (MD) BA vFas—vs> L,
<FANFIVAE (Zhiobsciilr XBIEME) OIHORREK (MPN) >

MPN7 7=y 20k, BRRIKD THicsaci//lus FOERBICHRI NS
PRHOSoN, ITHEBT S, (RREE -MPNEE, REPF 1 0ETHOERLTLEE

HRBEBTOAORETBILERL TE5RD > bAEATHEENR S Wi E B THE L
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BLTABPOHEREHEET 25 ETHS5, REREWY, BEEHTI D — %245
BAFBELDRKEVWEIZL B &L 0, )
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R
XBRP BLUOXBRY TR, (1) ¥ F Y 7HEY (2) BEYHALZEOHTHRAN

FEEEROTEBC T KOBENE AT LTV S, TORBEUTOLS KT &
5N 3,

OAzZ—F HindasTOREROEWHE (FEX60m) 1oBELAHTRKOLEE
i (1-5) x10° /me TH-7 (X 1.3.2-1) 2%,

@Rz —F Simpevarp, Oskarshamn QR FAREBRICIHVA VI o DER~Y 4K

EV0l (B&¥420-635m) »5HMLAHTRKOLERR (1.

3—-41)
X10° /mé TH-7c (R 1.3.2-2BLTK 1.3.2-3) %,

@EVO 1o TPROFIEL L URAERBREMERRZ (0. 02-2) x10°

/Smi THY, EEEDO1I/10-1/100Th-7 (F 1.3.2-4) ¥,
@EV 0 1OHTKD Zhiokacilius BOBHKEIZRI0-14T70/mL Tdh-1?,

@RAz—F Stripa#f)l] (EX390—-50 Om_) {Dﬁﬁ?*@ﬁ%ﬁm (0. 1—-2)
X10°%° /mg Th-7 (F 1.3.2-5 2,

®Stripa@i i DR T KOFRMEHRBERBHEERRZS50-700/m2 THo7x (L
3.2-6 ), 2,

QRZ—-F VOB BOR—Y /R (BE130-860m) »po0HTROLEHI

(0. 8-17) X10° /mé ., ZO3IBHRAY 7T~ (ABZHEUZE O RAE

DEIHENS) HoJ-CHTRKOLERE (0. 8-2) X10® /ms Th-1:
(% 1.3.2-7)

QLT B s EMESERBEENERKE2EHK00. 10-21. 9%ThH -1
(% 1.3.2-1) *,
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PltoB#EOHTRO2EHROMEERIR., Chiorse & Filson(1988) i & 5 Eis# T
7K (pristine groundwater) TOLEHOMEI0® —108 Ame ' ODEHENRTH 3, F 1.
VanEs & Meyer-Reil(1982)ic X A BB TORXBMOME (0.1 — 264) x10° /m2 '™ o
WHNTH 5. LFHBORTROFKERBREMENII. B - PEBEHTOMI0-
10° /me ' LOBLBAEV, THLTRB LEDBOMELE. 1O L > cME
OEVHTOM (PR X CEERSLEBREMER : 0107 /) 12 Xpabn
Uﬁ\Q%%®Kﬁ&&45&\ﬂbf&ﬂ(ﬂb#%i&(ilﬁiﬂ)o

(3) {LEBEBRMER |
LREOMERAEORRE T ROEEAS B , [MEKE. MEEFE (connu-
nity) £oWTDEES B HRELE M, ER5REFLbEORFEOH I (dyna-
mics) L ENLOMAEE OREMBEERMT 350 THV, WREXBENDE 4D Y
N T ORBEREMS 2 ENRHNTH B, | ED—oDFHKE LT, LEUERME
ﬁﬁé%o¢@§mﬁﬁwmiﬁb%mnﬁwﬁ\:@%&&ﬁht%ﬁ%%@%%ﬁ?
T

T K TOREMOBBEEHRT 3 EREFH~FFRE LT, BERACBE. ARSH
AN F— B ER VBB A TAN. —EBM (120-144h) 2 0CTA
YFaX—YalLTLBEHROE{LEHA N, TOEE. HTAKBZEENA 2 Ltk
S TREBAEBIHML, BOARSELP ALY —RORMbEEI & D AERE
BMS 5T EAbhok (B 1.3.2-10 % 1.3.2-8) o« BEHCallionella OHMREZE (R
BLID . KREBH (NO ,uE) LRRIALF—E (S HE) DMBEbEHL
EAMMYREENERME 0 LT 2h b, HTKRE  ORENEDBRT
(harbours) ¢EFXbh3, ZLT. BREVRFNOBHEOHBER~DER
EHBENLY,

(4) PLr—H¥—itk3EHRE

B2, ERAIZDEOA, BTRS SRR L B4 OMEHER (CH) 0. 4-0.
2uCi/me FMALF R MNFbIEY, ZOKR. LEKO1. 4-15%0ER
RO ASERER L, ChEN=- R, BEDROTEBAERIATNE |



PNC Z NB8410 92-013

# 1.3.2-1  HindasOb0mOESOHEHFOKOLEH (N : 2EH) »

Table 1-1 The total number of bacteria as determined with
‘the flucrescence technigue in the water from the
60 m deep reference well in Hindds. N = number of
observations. S.D. = standard deviation.

Date Cells ml/10° (N) (S.D.)
860316 2.40 30 ‘ 0.48
860902 2.88 30 1.50
860923 2.32 30 1.01
861027 , 2.73 30 1.34
870928 2.39 45 0.72
871014 : 4.74 15 1.2
871019 0.94 30 0.78
871110 1.78 30 0.39

# 1.3.2-2 R TAEVO 1 TORREY T v 7EFOBE (N : é%ﬁ) 2

Table 3-8 The effect from different sampling sites at bore-
hole EV0l. N is the number of observations on
which the mean is based. Means with the same
letter of grouping are not signficiantly diffe-
rent. pr > F is the probability of getting an F-
value smaller than the obtained for the model

effect
Sampling Date Cells/ N Grouping ©pr > F for
site ml - 10° model
Field l1lab 870421 1.30 105 : A
0.0001

Outside ‘
field 1lab 870421 4,00 15 B
Field lab 870604 3.82 45 A
Field lab .
without the 0.0001
electrode
system B70604 3.97 30 3
Borehole
sond 870604 9,97 15 B
Field 1lab 870826 3.31 60 A

. 0.0001
Gas sampler 870826 41,2 i5 B
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#* 1.3.2-3 Field laboTO 2B

Table 3-89 The total number of cells in the field lab
Date Level Cells/ml - 10° N
870421 635 m 1.30 ip5
870604 558 m 3.82 45
870826 522 m 3.31 30
870923 420 m 16.6 45

#= 1.3.2-4 EV01?®Hi&E£Uﬁﬁﬁ%E%§WEﬁ“

Table 3-10 The number of aerobic and anaerobic heterotrophs
in EV0l. MA-MD refer to the media composition. The
numbers within parentheses indicate the distri-
bution error under Poisson assumption of distri-
bution '

Cells/ml « 10°
Date
level aerobes aercbes anaerobes
field lab gas sampler field lab
MA MC Ma MB MD
870828
522 m 0.0219 - 2.09 - -
(£0.0008) (£0.797)
870923
420 m 0.02489 0.0233 - 0.0347 0.0034
(£0.0009) (£0.0008) (+0.001) (x0.0003)
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# 1.3.2-5 Stripagfiho R —-1J Y FAV1IBLUV 2 TOLEHEY
Table 3-11 The total number of bacteria/ml in the V1 and V2 |
boreholes in the Stripa mine, sampled 870917. Mean
with the same letter of grouping are not signifi-
cantly different
Level Cellg/ml N Grouping
« 10
Vi 500-505.9 m (+ 360 m) 0.060 30 a
va2:1 559-822 m (+ 410 m) 2.26 15 B
V2:4 402-410 m (+ 410 m) 0.061 15 A
v2:5 389-3%7 m (+ 410 m) 0.097 15 C
= 1.3.2-6 Ay FAVIEV2TOFSHEBREBHAERLE » E(nould) O
Table 3-12 The number of aerobic heterotrophic bacteria and
moulds in the V1 and V2 boreholes, sampled 870917.
The numbers within parentheses indicate the dis-
tribution error under Poisson assumption of dis-
tribution
Cells/ml - 10°
level aerobic bacteria moulds
MA MC MA MC
Vi
500-505.9 m
(+ 360 m) £.0005 D.0006 0 0
(£0.0002) (£0.0002)
V2:1
559-822 m
(+ 410 m) 0.0072 0.009 0.0063 0.0023
{(£0.0008) (£0.0009) (£0.0008) (£0.0005)
V2:4 .
402-410 m
{(+ 410 m} 0.0028 - 0.0017 -
{(+0.0005) (£0.0004)
V2:5
389-397 m
(+ 410 m) 0.0051 0.0058 0.0017 0.0013
(£0.0007) (£0.0008) (£0.0004) (x0.0004)
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# 1.3.2-7 Eowﬁ—nyﬂKAVOI\KASOZE&UKLXOIT@%E&
(Total no. ) B& CFHEHH (viable count) >’

Table 3-1 The table shows the tctal number of bacteria in the
RKAVO01l, KAS02 and KLX0l. The

three studied boreholes,

total numbers of bacteria were determined with epi-
fluorescence microscopy after staining with acridine
orange. The viable counts were determined as plate
counts. The percentage of *“he total number of bacteria
that could be counted as a viable count (v.c) has been

calculated. G= Gas sampler,

F=Field lab.

Date of bore- Analyse Depth Tortal no. Viable DA
sampi- hole- code m cells ml~ count (v.C) av
ing code x 10° cells ml™! o)
x 10° no.,
870923 KAVO! 420 16.6 (F) 2.49 0.15
870826 KAVOI 522 3.31 (F) 2.19 0.66
870604 KAVO! 558 3.82 (F) - -
870421 KAV0I 635 1.30 (F) - -
881209 KLXO! KBS 1538 272 2.05 (F) 0.21 0.10
881123 KLXO0I KBS 1528 466 1.10 (F) 15.3 13.9
881102 KLX0! KBS 1516 680 1.68 (F) . 3.30 1.96
890111 KAS02 KBS 1548 202 1.15 (G) 114 0.99
880412 KAS02 KBS 1419 314 0.79 (G) 4.93 6.24
880426 K ASO2 KBS 1428 463 1.71 (G) 37.6 21.9
890131 KAS02 KBS 1560 860 1.15 (G) 0.81 0.70
890222 KASO3 KBS 1569 129 2.00 (G) 6.1 3.05
Figure 3-1  The effect from = i A
oxygen on the air
microbial popu- go|
lation in the -~
reference well 'z
water o
s
[&] .
‘a no air .
55, o J
0 50 100 150
- time h
X 1.3.2-1 XHEHFOMREUBABCIHT IBEORED
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% 1.3.2-8

WTARDIN BEZOLEH N T 2R 2 EEMERNOFE
(N : 28%) 2

Table 3-4 The effect from different additions on the total
number of bacteria/ml in ground water after 120 h.
N is the number of observations ca which the mean
is based. Means with the same letter of grouping
are not significantly different. GF shows the
increase of cells for each addition compared with
no addition
Addition Cells/ml-10° N Grouping GF
no addition 4.57 30 A 1.00
52- 4,57 30 A 1.00
Fe2+ 4.80 30 A 1.05
NH4 4.88 30 A 1.07
S042- 6.07 30 B 1.32
NH,4+5042~ 6.22 30 D 1.36
Ngz 6.92 30 CD 1.51
+S0,27 6.96 30 ECD 1.52
Fe2++so42- 7.42 | 30 E C 1.62
NO37 7.60 30 EC 1.66
NH;T+NO, "~ 7.99 30 EF 1.75
NH ++NO§  8.65 30 F G 1.89
N02 +FeZ™ 9.48 30 HG 2.07
NO3 "+Fe3* 10.6 30 H 2.32
NO3™+527 12.1 30 I 2.64°
NO5~+52° 12.6 30 IJ 2.75
Oxygen (Air) 14.0 30 J 3.06
Nutrient broth 213 30 K 46.6
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% 1.3.2-9 BRIABE T3 MENHEERORE

WFK &S 60 m 1 ~ 5 - 2
R 7K #E 390~630 m 0.1~ 40 0.05~200 2)
#HFA  EE 130~860 m 0.8~ 2 0.2 ~ 40 3)
mik  ZEIE~TH 7 ~100 30 ~3000 20)
BRER AR 0.2~ 2 0.03~ 1 16) 21)
B 0.1~264 0.01~1 10) 22)

+3& 108 ~10° /g&+ W10 gkt 12)
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1.3.3 BAEHOER

HFATES VI RENCEETNENE, ROLSLELOND,

TR RERSERZNEFCOTVOTC, I BEOREMBRIAFEREI>, /T3
EEARHRBIBEL TV, W21/~ TREBOBTI A N¥—F, “BL
RFE. BROKFZERBLUBREOCS TEET N, ThoHET 3 LERMEL
EL, REXEREIEDN S, CFARBEBRBENO Tiobacillus P&, ERER
BORRY v ) R D Laulobacter, Hyphonicrobimm WHE~TKPIRBEShTWE T
LB, TOREEXHTEY,

o, HTKICRBRENDE ., BRICBTBAAEVO T, BKHEMAE & BEESER
HiEE TR LRBF LB B, RE. MBERAT. BLUA 5 VERMBENC hicEs
T30,

XBD THEN SN T R R, WKL, A 5 v BLUKENREE & —BILKE.
TBUARRELOEELELL. A VOBERA S VERENMOBEEERET 5, 1R
EARBRIMBBRERTHEC L VEESNATIEELNS 3, UH. MEFOTED S
NSOHADEEEHRBLE L, RELEPEOEREROERIC - 1LaMEARB X
CZBERZEEDENE L THETECRSEEE., 320 A 9 VERMBOELE S
RB Ui, BELEBTAOHERONE D OEA IR, EECBVEBEE TBELTY
319 VEREMERBERATARLOMB L WS008, BEORETH 3%,

Ll EBES0IBEYFHETRKTESLTOIHOERR. ChhoDFEICH

G hiERsitn,
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1.3.4 MEH LRGBS OBRE

BEMOHE. EHEASBORE, PEOABLEESY THL TS, & FRHEN
BASHEEEAIETIHPIRRBIEDEFELTVIEELTEINWY T,  —Fus
BOBRTRUROCIEUNGAR GBFR) »oREEH, ABVADSBHEBALTHE
RETh, 5. SETEIREUED-RFLOWHBEEBRAAXDEBR LT 2, =
DULIER =B U TREDPFLCATRELELAZTAIZIIEDTH4EILONE T, o
0, UNBEOMEMEEZL S &L i3, 1 (Autochthonous, Resident, Indigenous) &
£ k4E (Allochthonous, Intriduced) D 2 D DBHFEEF>WMEMEEZL ZHLENS B,

AREOYEYEBHAIE. FINTREEZIBIC. BITEEZ2(FsFrehne
FBLVIXIBILBARTETH - T, BEZBEL T, 53VEIKPETROHAILL -
THREYVBSFBERERAENEI VI I ETH S, TP TRAL, HEET2
ABIPEEHOEM. FE. EMERILCE > THIHEGEIFBEATIhE, sochs
AOERP, AABOHEOCRE IR LEEMPEDRLASMBAIR. Choods
EREFLBEPHIFELRAENZ, EHOVILEVAETBRDIEL OEYOEDR R
BORAALD, BOPBYOELPESRAARD LAZANVAVALALELODOZFMIcE - T
LESZEHFASNEY, BHEDRELM/EEMHEDCESENIMENKIER
& L3 4-1IKRT,

—h. AABORE - HHOMEEEZBLT. ITREZOLDOIETIIENELD
N, XBV" TR, ADB LT 0EGROEREYFMNERLE LT, BiBOX 34k
HMEHOYUAOBEBEES T, ROBBENRS B EH T3,

a. REEPIIVF-FHo4i
LVWHAORBEPIINF BN, BRED. A54 (packaging), EHERELH
(backfill) | BEH. FIUVEEDBU A LOTERVWERBEAYD SBB SN2
CERFREINDY, FURAEENTE. BRI 4 U RBERELFRENERBME ST,

b. BHMOBRIEMBREORR
BROHTRERETSH TS AN, AAETRHENESME (radiolysis) OBE TR
REBOX FHFIIES .
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c. MMM

d. BESREOLIL
BAATORPRLHOFEREEEIRL00CTHS 5, RENBHSNrEEE.
10000FEYLOBTE-100CREEIEA5, AAAOADEEIETZ &, BEF
10-100C&EREBHKEAE Y,

e. pHOZEL _

BUNVEEYTE. 3V 27 V- bEEMODPHFBHS (>12) TEdEZohH
B KE@niEdp HRIFHIEA <,

. MEMCEHUYE (Pb, i) oY

COVIHMTREOERMD S B, aBMEDOLEE - BBECEFICEL, Pb, A0
HTRETHEDEELHBRLCORET (AAEERY) FELATh3O0T, | &E
MERPRES NS, LHL. YOBERBATH, COREBEN/MBEINILOTHR
REBOBFCHFLRIThETSHEV, —H, ¢, e BV BYUEDOLESE « BREIR
FCBE ckk2VTRER (4. (2)) 734, eV TRERSEESpPHTH. 53
B Mitrobacter & & 2 BD Mitrosomonas & & bIiiFEEY (basophile ) TET LA
V&EH (>pH13) RBALGAZTEE (F 1.3.1-65L0% 1.3.1-1) . &&EHmE
BLTER - BB TESI2WEENS 3, f k20T, F 1.3.1-TicPh, Cufif 245
RMATNTVSE, b, dOBEHOLE - BE~OHER, £ - PHOBELREI LN
B, MABOREEL., —BROMEMIT L > TORBEE (30~-40C) LoHEME<E
530, DU LD —MOWEHNEZ 100 CEVWSEETEE - BRT23 (£ 1.3.1-5
-% 1.3.1-D,

COXIRADERB[EFEGECIVEELZBTRBILIVTL, BECHELEER
CEMEMEYOERESMEMEREESMT L ERNZEFEINL, LOLEFOR
ORBIE. BET2BEYOBE. NEYRAEOCHREAA, H2VIIBESESEICE - TR
&ﬁﬁw?%:&aﬁ5®T\—%mm&béc&MTéumwﬁﬁﬁﬁaé”a

B, MHPSDF T VI BEHIE ST, ZAREE AR b5 1cET 2
YOLERLDDILEBFERLELVWEVDATVEG, ZRRAZF L TY V72 +Ri
T Pa-LENLBDOTH->TH, 4 FOBYBETORTBNEER (BA) 25
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3hoTHBY,



#* 1.3.4-1 HIHER LB/ IR E BT B BT

Table 7

Numbers of contaminating micro—organigmg in backfill/buffer materials
{after Mayfield and Barker, 1982b)

Backfill material

Culture

Pembina Avonlea Inco Domtar Sodium Manitoba Dregser
Medium mountain oilwell tailings, Seal bentonite clay Minerals

clay bentonite Bond bentonite

PDA 4 100 4 600 112 660 5 000 288 CO0OC 1 1o0
TSA 24 Q00 64 200 1 1co0 © 86 300 9 600 1 100 ©0o0 1 100
SER 19 000 11c ooecoe 1 500 150 000 20 300 3 050 000 1 400
NF 920 - 12 000 - 3 600 2 BOO 12¢ 000 200
PYE 12 300 14 000 1 000 100%* 100* 110 000 1iow
HS 8 000 92 000 1 100 3 200 5 600 480 000 1l 200
TGE 16 200 32 300 2 200 21 000 9 400 . 480 000 2 200
LNA 14 400 10l 000 1l 100 26 000 8 200 1l los 000 6 300

Media; PDA — Potato dextrose; TSA -~ Trypticase Soy; SEA — Soil Extract; NF — Nitrogen free;
PYE — Peptone yeast exltract; MS — Hineral salts; TGE - Tryptone glucose; NA — Nutrient agar.

A dash (—) repregents no micro—organisms were identified

An asterisk (*) represents low counts, indicates "sporadic” occurrence of bacteria

g10-26 O0TF8NZ O NdJ
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1.4 aBEECETAMEMDIES

141 BEMOES

PEBATEEBD . AHBRBIRE. EH. RAESEOET, BEHE-T
SZELDFHTREVY, 3BEOREYRTNCHATES - HELEY REHLEY 3
LFBEhD, TOEBHORER. 1.1L.2 TRNEBEDOBEC L > TV 3,

P AROMENBEEMOAS. WERBIC L > THEELSETERLAYEHR
LT B, BHMINB MO, FUADHBEEAERT 3 b0 L THEBE
BRBEI X AFHARPERE Fosrfr— ¥, @B EBEEEL V- M A, REEY
MEENB2. HIBORKEY FEABRLEE. BIEELY) ORHARKERARODH
REEEaV I V- L OEARRELLD T B,

SBAA Y OREGHMIB~OH VAL LERTEBVERR TS5, CHIHRBEOBEE
ERRSRCEBbhG, MEECE. HRAAOHEOBETRICES » THRERO
APBAN, BBVREFACBHS LB ERHELVIBESED> TV, Mg?™,
Mn2t, Zn2*0X 3B 2HA 4 YDV THBHENGOITVS (CA2ORMIAS
LENICHRT A LHETATOS) 18,

WP EBT 20ESMERE LT, BEDHSBELHEORE LD @50 K BBRE
CESTARSEES (MEINT WS, FlALIE Prewdononas seruginosa & Saccharomy
ces cerevisiae MU v EHRERBERO I S5%ULOBET CHENCEBET A &
BRERRY,

BEMORMIR. BERH L A EEELOKBERMS 2 B0, ThEK. HEO
mREEH DT EPREH, '

BAEMMEORERETS ZMIE, . TN, 254 L1, BEH~OHOBE
OREP. FRMENOROBEE~ORBIHEBET 5. ~ABRMEHOBHICBKT 5,
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1.4.2 BHEHBROBED~OE

TR ASBRETEELNEFO— o THIRHBEOEEBIL>DVLWTE B, K
BMOBEY~NOPELL T, RREEOENELIIBEYOEHALVIEIEETENR
WAL, BRENKCREEBEDNAZEE LBEYORBERETIEZELTREY, a0
FEODHEHBLBEDEFDSOMBARIES ' Tid. 5 X'10° rad T99. 999% o4
MHEFEREL TS (K 1.4.2-1. K 1.4.2-2) o L2LASEBEETHOHRAERENSH S
BEELIE, —MOREVRIBRFEECHA THBEEZEREY., BBET LI LB 37KE55,
BB, TV BRABEREMEYNEHTCEZIBEROBHEBREN VW SN TH A I,

XET I ki, BRI A MEMO RS ERE. MROK. BEONE, B8
TWaEH, REHBLERE, RE. PLUBFLEYEEREC L > TELT 3, D
BEDHATRSEVHEBRBE (Lscterichia coli ) LRIRE (Psevdosonas )
O—BTREEZhiz, 1006y ( 10, 000rad) OBHBLBEI N SEFEEYHIT 10 0£D
Ty 7 & —TRBDY LI, BT dicrococcus radiodurans LN LEE TN
Ko TOEIZ60, 0006y E—METEFETE L,

EBO-HEAE. AROREO L DER S h 23 FEMBER 310, 0006y (1 Mrad) Aj
THB, ~HEEEEWOLDICEZEFECMEEIL2S5, 0006y (2.5 Hrad) i EA37,

TRAXBRO I Ehid, REPIHEERESDR (radiolytic effect ) KM LEFKE
WRIBDHE 2R Y. —EYlicrococcus radiodurans 25 X 1 36yDBE—HEH KA 3
CEMNRMEEhA, £ MEHII. Three MileBoOfFD (reactor core)
TlO0Sv/hrETRETHILAHEEI N, XB KLhid, BEHo—F

Hicrococcus radiodurans 135 X1 0° ra dOBRHEEBIERIOhT,
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108 -
E~g TOTAL COUNTS DOSE RATE: 1.14 x 106 R/HR
- \o o TOTAL COUNTS
| © 9\\\0 ® AVERAGE TOTAL COUNTS
COLIFORMNG D COLIFORM COUNTS
105 [LCOUNTS
3 o \\\O ® AVERAGE COLIFORM COUNTS
- o e AE. COLI PHAGE PLAQUES
i \\\\}\\ A A AVERAGE E. COLI PHAGE PLAQUES
T FELAEBES = <} ENTEROCOCCI COURTS
g 10 ™4 \ 8 « AVERAGE ENTEROCOCCI COUNTS
z E-zr‘"jg\\éi © SPORE COUNTS
= N A & @ AVERAGE SPORE COUNTS
(=4 - \ﬂ
=) _Q 4
- 4 <
— KN O
= 10°F _ENTEROCOCCI
=) -4 g ° COUNTS
S =
N 94 4 3
2| 5
10 - / O
= SPORE COUNTS s
- <
i o \o
101 Lo bl IR I Wi A RTIT] R RYIT1 o1 3 leprt
103 104 10° 106 107
TOTAL RADIATION DOSE, rads
FIGURE 14. THE EFFECTS OF COBALT 60 IRRADIATION ON

X 1.4.

FIVE ORGANISMS IN SECONDARY EFFLUENT®®

2-1 SEOEMITHT 52/ + 6 ORSOPE

108



PNC ZN8410 92-013

DOSE RATE = 1.74 x 10° R/hr
O

o
(%]
ll;lll

o
.
I

FRACTION SURVIVING

10-% coadonol 0 Lol SRR ENIT
103 104 105 106
TOTAL RADIATION DOSE, rads

FIGURE 15, TOTAL COUNT VERSUS RADIATION DOSE
) IN SECONDARY EFFLUENT®®

Xt 1.4.2-2 B2 EFZORRF

66. Touhill, C. J.,et al. "“The Effects of Radiation on Chicago

Metropolitan Sanitary District Municipal and Industrial
Wastewaters." Journal WPCF, p. R44, 1969,
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1.4.3 BAEHOMTEE~ORE

ST, ETEEAAVEANEOBELES. MBEKELI L AREYOER IS
WT. BB, AVSXAEERTEIRYEL 2 EDH 5,

(1) B=E
TP, ABFICEVT 74 -V FOBHUADHBCHT 2 HEYOLBELZEET S &,
FERLORRERDSEHEBICR S S

OHMB~DOERER (EYHFHL)
@ E KB

‘®ﬁzi&

@ T RKO{LEFHEEDOELL
ORBEDOE DAL

HE~NOEZERLE. ARV ) - OIS BEBHE, EFa-AY, 752
Fy s BEOEBRME. T LTH, SR EOLBHEN, BEMC L - THEELLI ML
D, BRELEDVTAZILTHD, REHEZYOMNS L REEHA LTV, HhicEg
T3ba - LEPUMOREEEYPRELLSOERLI L. COEHOEEILSVWTRE
CELhTVw3,

MENREL R, REGOABR L - THATASBOMADEBCBRNE L LY,
BIBENMEIhEDTEIEEZLH, 0

HRAERBINLZGHFEMTELZ LS5 4D b, LROOOD220FHDEHOK
%ﬁxﬁ%%?%&ubhfm%o&<ﬁﬁﬁ%«®%§%®ﬁﬁﬁﬁzéﬁ%%b$?
Ay AF v, ZRILKRFE, KFEOREFEL, COFNZAEZBRL TV A LEO—BHIKREHE
#HTE C HEBALVERMCAE) 2BATOVEIENFEIh TS, & ®)
HTFADEFHEBOE(L VI DOR. MENORBOBRELZREZLVWDATVT,
HFRDOPLEL 2BLSELD, HHOBR, BBER. BE 02 BBEE51 5,

(1) {6y {4}

BHREOEBORDAZLVWIDR, BEDN—LWcABERIcET BB BB



PNC ZN8410 92-013

THREER > TV E LR EBRT3BRT. ChRRRENEZOTIHEENDAL
TLES SO &, BMEHOMIOMBEORTHBHRET b0 LO2 DMK S
1w ey
PUEOBRELTRENOEH L, 20BORERLEIREDT I FS5A 2
K L4l FLd, BBIOMBI >V TRIROXBTLE > TWBOTRETICE
EHTHEL.

X#R1) &b

ASZORRCHE L THENOEHOBZ T30 L L THERPKILOBRYS 5,
ChoRERTR., ATHEWOREMK R 3FANBLALATED, BFHick->TR
BERABRBELBEEES, CHLABREBC L TS FEOBES 3 VWREBEBTICHT 3
EEHEZEOBEYOEHEZELLL. ROLI FukAdH 5,

- LEEOBME (EH6%L)
PBEBCRBHE (B AV Y b EFa-X VY, TITRAF )
O BB T B,

- L@ (MEBRE)
 EBORCEECHBENEEER,

- LEE@OBEE (KEOEENDAS)
ERHCEEOBRRE ST 3,

+ LEEGOME (fiTkotREntgoz{t)
CWEMORBIC X AL pl, BLUEERDBEOREBENELSh,
ChPHBORRE, BEOKKR. BRE ot 2283 E 5,

LOLBRERIALGKDVTERMT BT LRAHHT, b2BED T o ADOHERL
PNTHTRAOATVREVONREARTH 3, FIARELBRILRBEOEEILTH, oh
PEINIFy R OREEEETEMILILEENCREL S, Lo LEHBS R
SEREAOERYFSH20TE NS, BRAEEOMMIZ S LAEHOZAELTLLS
DEIBREAXBEEBR LV, pI,Eh 5 EOMBBILFHEEZEOREMOTEIC L 4L,
DEROVTHEMTE T LBE LY, |
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X#hd) kb
M%%®Eﬁ%%&éﬁ\&E@ﬁn%%%&&?ﬁ&@%5mﬁﬁ§%ﬂﬁé%®ﬁ
HEIEE DD, BROCEIEEOBEEZEMIEEI3 oA 20TRHRED LS 1T
hitTw3,

« LREOBE (EHnFEl)
WA AFOHBOE L, TRAEBEORHEELEMSE 5, BEY
BaviU—PM EFa—Rv, H5A S0k LBEO LT
BLTEhGE2HET I LEB{AHOATV S,
- LR OBE (HFEOBEERVAS)
a. EBORBRIEBER. BERBIUVETHOELLEEE LT,
b, BHTI3HEYNINDVATNEHPRELRE L LBLRYEOHEM
BEx (L, dLBERPDEIHKEELLD, HRNEAT
RE L HBE @B Bk D FhEEROEATRIEBEE L
TERYT3) o
c. BETIHEYNDORBLLZEDRLENSDOT 7 4 » OHER
BrEo
« LEEGBIE (MiTROIFNEEDREIL)
a.%@@kﬁﬁ%#@ﬁ&ﬁ%ﬁ?ﬁ@iixﬂiﬁ?ﬁ?;Fiﬁ
ﬁ@ﬁ%%ﬁ%ﬁ(%%hﬁm)&%%E&@ﬂﬁﬁt%%?%o
b, MEMORBLIZFTHREIEDCLLI2F V- POERB. ALH 3
VWHAARDERY LB O LBIBOEBORHEELARECERS,
c. REEENOLER,
s ENPADIER
a. BERA~OWEHDORBIL LB, BEH, EHELEH I WRE
RoREFEDOEE, Thid, FROREV A FOTRF LS ER
STHENEORERZBO LA, b2V RBENC L - THL
WEREPEKL TREEZEPTHLEBED22HH 5,
b, HBOER~OEHEEETNR L I3ERDOKHE,
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ORI o RRBAEL LML, ANBCEBOT -IHFRELTVWSEDT, <
DIBOEDTatRPELZONERETAILBELY, LALIOHOV20E
WSHOHBTLECDESY, |

ENTREEY Ay &y — VOREY, EORELE~OREHOZBRII>VTVL 200
A‘BFERICEET S,

(2) #Ro%Efkic> VT
RAZBI>VWTHEMNRE. BRESh TV 30 LLEL I B X 0RBBRASKELTT
BB, PIAREFa—-AVPRETHE, HIRABBFLLTEDLNZOTRIF AT
Bo ¥7-Backfillit & LT BT 2HESH 5, #->Ts ThHRDVWTERABI L
THLY OEHBIc >V THHALHIOARNEONBZ LELLNSE, BUTiIKEE L TILY
OEBELASCELTRAELLAERZE LD S,
TTL2EOEMELT. BEY v —CPZ0RBEH3ME~NOREYOEE T
EuwbhThnd, BBINI VI, TRFHEBRFIATORENE D, ZOTEEHRIR
LTERTENRYV, 2HhVIOTH3, WIHARELWVEVS O TR B hdiiE
TVEEY, ThEBELLD, ERNEFMLADTEL A TRELTFT-TOEL,
EVHDOHREDELEIATH B, 7

OEFa—-2v

FTILY OMH/TRI -y EE, KES L TERINATOBREF a - AU BH 54,
BEDBETI~I ComMBAINII Ld o, BEMBEATLEILS S LVWIEX
FRdb, BHEMBCLZBRERELFAHIW LAY, LiLwHShAHKBTEDr
NEBREAROREDBE L SOBERI+AELO NS, FIAE, TA7 7 U M EREH
LB, BZXxh-#%EYE L Tlorynebateriun lepus & Pseudomonas asphtenicus 233
B0 ENLT S VRDT « 7T - OMABTOEEDHHFIC LB & Pseudomonas sp,
Bacillus sp, Flavobacterium sp, # L TAspergillus fumigatus ® 4 >DEHNE 2 -
TWT, 6¥ARCREBREEFRELT VEZTHEO 2207 V- TOHEFEFZEDH LR
3 (R 1.4.3-1, & 1.4.3-2) , TO22508MERSPVWTRENENRL4DTO08E
PEEShATOIN, FHMORHNIBEEETHFTH IS,

SOEFa—- A VAL >0 TRBREAZMATCELIRITREV LIV IERNS
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Bo ChZAROTEEEETAEF 2 -4 YRZOEKBTHEET I HFSEREDIT L
STEERFEEIR TV ZEEBELTVWEHDTH D, 2FDEF 2 — A VIEEREK
%mé%mﬁéﬁféoT\:n6®W®$%§®ﬁK%ﬁ?5b\K¢KEH$TUQ
CERBEBIORE L, ThXEYHEELIAPTVWLOTHY ., MENOFEBR T T
WBEWI, L, THLREAYURL - THRIUL T (RFOBERE LIV S ORISR
BTHE., LVIFHENDY, CORFPEDRESN L (BEIIEL) BRSFTEIHE

IPPEOFR-ZFDLTVRNT,

@#ilE

ERILY OMABHALADH ELTEILLRTWAbOLRE—RFURisE RV I L
FD2B-HH B, HEOBMEBEHT ZH{OBILICOVWTREFa A, TV
ZY—FREESD - TOEY, HEW 20 ORIEY Y TLEE-> T, FRELHTT
BEVOEREZTV., " HoHhRER Ho” BLAZHRERL” $TE2RANLANS 3
(F£1.4.3-3)0 ThickB &, 2 RFURBELIAVTVS VRBEBEALRENOREEH
BAZLREVWESTHB, L, BLAZHFVEETR 2EEOMEY (Asper-
gillus niger& A fumigatus) OREVFERIN TV, /. ILF OBFUADIKEAL
B, e BFURELT -V - VOBREY D P TPseudononas aeraginosad® fR & MR

RENTOHI LK HERT<ETHE, 7

@& |
—HFRABEBLLUTHEEO F5 LENILY ci@fEbh 3, 20 F3 LENREERTON
DT7D0 L2308, BREOEH T CIRKEBEETE (SBB, Sulphate reducing bact
eria) P EFAI T D, TORFEIE,

a. BEPKRIPFEHSRAALTEOLSKLBREORETTHSI &,

b. £ERELD SAAE BEHCIZRABRIEEBEOELLLV S LD HEK
%Eﬁﬁ&ﬂéﬁﬂﬁﬁé)o |

c. BASHAV S5 774 Med 5,

SEB BEBRToML TEEAORMBELZMVKRE, RAEERYE LU TKRIEE LHEL



PNC Z WN8410 92-013

BEERT Bo MBS OBRE. KHNDBAALEDELHESKE ORRIKDH S5 &
WHhTW3, FIPHOFSEOLEARRMELBBETHE., BREOTBEHHNE
BT Bo KETVY ) — MABET 5 &, BODlO LB BH K5 A0 REY
BERHIZONEEITHERLT,

@EEH., BHRELH

HERRDHEEEOHEME LIFTHIH, I3V LD BOHBTEELHO
HASEBRECREET N 2EEHHM., EYRELHAKSVWTTH 3,

CHhALOMBR. LA EFE~NKSIRAT A E~D/SY 7 EQAS RIS OBEBRHT
X T BT 02O DREEROEERLDTH S, BHRLHISVWTREOD (i
TP CEENZETFRIRFFELHKBICOVWT, ZOEEEE (14 Y HRiE, e
PEREGRLE) PHATHATHE, £ 1,434 CBRNCEDPELHODEEL THT
KABITT 2 EBUHEEHIT B4 0. BaAy, KBEHLE) 2RTH, Z22TO
BREOBT. BRI 2 LEH, BREYEH v E X2V THEHR A TREV,

LHhL. TEEOEDELMIZOWT, WALWARRER, BBERT K. SWEmE*
BT, TOHTORENOEGHE2BANLHEALRS 5, Thic ks &, LEHICES N
EPPOBVAREDRILHMOETRON>TVE (F 1.4.3-5) 7', 205 { XEKE
BT, RXWE1L0 ~5.0 un Y. KBWMEF (Actinonycetes) & { | B (Fungi ) &
MIEE (Yeasts) BRKVEBUD o>k, 2404/5 OREHNIHORFic oo 0
T EBDOl/S5 BHBOFTERIKEEL TV, 7 LEBRLHOhTOEHicb
AREMOTHEATFRUTALOBLILERHIATHVE, ThicL s, HEMIER
M. BR. AT, VBEOKRBENBIE., Thitk-THIBOREMOFEHI B
£57,

(3) #RERKDVT

HR L7 & DA RERBMEYOFHRAB c > TERSh B, EBRFRE A S v,
“BARESET. CHEEEThARFFRT. KZETFHRHEERMEC L > TEEx D
ThwaEwnd, fAE, '"CO2, '"CH,, CH:s T, B¥Thb, . TOER
KBS TAMENRB A S VEBRHE TS 3L WbhTnE 9,

ANZORFEZEZEA KRR LARESNEL . EFEFSELOR, LAAODTEDD
P IEERFINE (Anoxic Condition) EWH T &S A 4 VERMECEH L VhbATL
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5““°bU%ﬁhﬁﬁ—£V14%ﬁtﬁxmﬁLTm\%E\%HVMMY®Miﬁ
SV FOLONARAOANS S, 2T}, CH: T HTO, HT, $20id b+
VFULEFDORMEKFR, ""CHa L YCO2 BLUH K 1 42 SLRIAKL &0
BBEN TSR, ThoDfic®*Kr, 222 RobREEATVS, COHTER MY F
VLEELAS Y CH: THEDEERLS S Ewbh, £/H1/10~2Ci KEHEIhTH
5%, .
ZThTREERRLIZ P FVLOBREISDVTWL, SO DHEET 5, LLT ALSEB5
CORMEECERRREBTRELATEETHK T TA ¥ 4R W (lethanogen) 2 & L |
"“CHs #CH, TR2ERTIBHZBAL LHAXE 3, Thicks &, BERICL 5 A
FUHROERBOBVWIS ZH (K 1.3.4-6) . ¥AEROBER, A & v EKEN
CPTEZ2ECRIEKRELRBEHC X - THHL, RBAERBLLTIhSD{bamELE
HHLTVWS, £ REFBOEETTCIFYF YLK HTOZEWLTMFIFYALSE
AZv: CHy TR2ERTAFADIBEINTVEY, DEBBREORIETH B, LiL
TEDOHAEY (Soil Hicroorganises) Ohicid, HT2HTORBIET 205D, 4
HIHEORETE. M FYLEEAS VA A S VBEHEBECL - TRIEShE T L5
5. REOBAMNFVARBRELBOTIF A7 VERTHE,

(4) #FKRDOILEREETOEL

EXBBOTRBEOBRH SMENOBEBILSVWTRELF-FEIBLBEVHR, 95
EOWTREEMOER L OBESEENI(HEIh TV S, BAIF, AKIC (Carboni
- ferous) & BHHEH (Cretaceous)D 250V 5 VEHKBHES I LEZRBRERL TV
&hbhfﬁD\oﬁﬁ%ﬁﬁaﬁﬁﬁﬁﬁmﬁ%ﬁﬁkﬂ\ﬁiﬂ%éﬁbf\ﬁﬁy
DERLERCEBLTVALORBISEEY, CO0LREMIMTRETFTcOoORH
BEIT X - T, HITFKOpH, Eh, 2F(LS ¥, PEORE o ALEBESX 5T
EFFmohTnige,
COUTyOBITEHAST AREYOET R, ATREOEL. BEBTEETH
RLLTEETH S, Chid, 1A VREHBHEC L IRBROFIBEROER, 50
BRENERTELVIBDTHS, 6O T LR L THBEBEORBRY S 2B
OUMEERT B E0DRT S, EABEOHPBEE D LEOBET, R & -
TTEIERM (AL, 7IVB. TAHER) LBEATRL. BRRERT - & b2
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Aohbd, V5 VOELMERFRI A7 LEZERLTHE (| 1.4.3-2) 7,

—AET I FI N RBZORHELIHMENORFIBREI A TVE, Thid. KEDOLLY 45
BHEORUEDPTT 7 5= FEEARRON 2TV LOT, T =9 ABPIANIE
WERETHEEL T, ZADNERD EOEBTE L LV ATH B, COEIBTTL b
= LAOBHIIEDTAPTBY BEDALHLERFV - MEAMIOFEER L->THHEL LS
ELTWVW3, BRAROERMEBEN/ARENOELEIC X > THEZERT 21, 72
FERREITEL, F/RXF VLDV THREINTED ., BE5T 3 2R0HRIE
PHDEZRMTAERE LTEETH 5.

EEREE~OEEOH L LTpIOE{LN 5 5, BRRLAFET 2HI0E R, Hig
EORELAY Gilt#. FARBERLE) 2SATVT, ThOHA A VBRLHMBEOH
BEZYTHBEZERT 2. BRI NCEROLSEOBTRIRERETEY, 2V 7
D-PCBLLEZRBIRBAZES, —F, EDRLHOTHIRROI AT 0 bEY
PEET S L, BOHBESAT RS RIAE, A+ VBRIMEOPES 2 Y THEOERMN
Bk, CORFBEDRUHPOT AN Y OEKICHIKT 2 b0 T, BHRLH DO
PECECHEFINIFERELNZ, TOHR, 2L OBBOBRESHATEILVDAT
W3, LXEDPRLHFCEEN2YBEOMFHREBENOK I >V TR I ZHEEID
B EORFRZEDILENSB2T,

(5) BREOHMDAS

BEYL LI ELBOLBNBREOANZLESNZ I LD, RABEEORDAS
RTAEAoNBlETHS, CORVAZOTEREE>VWTRBECAANOTHESICL
STHEShTED., TRELZ LREVORBOANTORD RS LANTO D E D
zoﬁaaamﬁom&%c%%ﬁaﬁémocéLéﬁmwomrm%&aﬁgna&
ETHHLLENS D, BEORVASRBEL Tz EEEZEELTWE (K 1.4.3-3
)Y . HEATOMEERTE. FV-MEAH—T7 I8, TRBRIROEE, 7
FIrEJVEEE - QOERFEA SN TED, BRBORLYUFMCBERZINEENESIH
DREBHDEDFBIHBENDZ, LAV PEATVE'Y , BHTFTRIQEZOAH=X
LEFEBET D,

FTHR LAS-TRBEYC L3 2EXROMH " BE /EANOHAZRTY, hiH
L. —OEBEEOMYRAB LV TH, BIL, B, HBXRECTOA 4 v SHBPF L —
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MERE. RBRER. H5VREENEHRM, MERFT v I ABRE A F LT EER
KEERAAZZXLTHBIENGHZ, —FELTYS VHKOERBE-DYS v O0F
E—umﬁﬁwﬁﬁ&mﬁxoﬁ\4zyﬁmm@§ﬁmﬁﬁbrgﬁtfm<&mﬂk
PR -{LFHNETEFLI>TXEINTOWREHEShTVEY,

RIRL &S R MENEEEOBTOMREEL LT, HARNORYDAS, MlasA~
DEEBELCRETIHLLEF L - MEABOERD IDRKBY N BLITH B, B
ENNEEBTERET I VIS ChoDERARI->THRLEZEETE (BN
BERE) 0. ADNYT7H, BT REBUENELTEHETH B, 51610

RIOWICEZAD L, N THORBICREMHF O >0 EE->TIoz —-ZFFE L.
NP EOREPHTRKPTEDN., BENEEBELERE O SA T T4 VLAZERTEIE
i3, 170MNER3EBEYDO —>—o> 0B DE b I HEIEE (Cell-wall)
BH-T, HROE=ZHF-TV2, BEOHRA~NOWMDALPRE~OERE — Hiark s
~DATOBH — iz 1d T OMMEABES LT\ B, FBH NS> OMBEL.
ANTFeR) - FER, TARCHE, D30VRATFOBELT B4 LNYBENISTETY
B3, TLTIDOWENOHMIZEE (Bacterial Yal)iZFhd ¥ 35 AREINBHEDIESZE A
AVERBIL TR EVI, s THREOHNOESEAA v ERBEERBEECLD
¥ <\ Na, K Mg, Fe(3 i) ,Ni,Cu, Au(3 M) HNEDQLSICHBEER, s> hEWEL L
Pl s, zhicds e, MBEZALLEBLHBOBEERICEZ2ORAT vy 70 2
AZZXLRHBEVD, F—R. BTV EHRBOELESHOE TOLSERENIE
EERTHZ, T LTRIRE., COWEARPEEN MBRECANOLEA 4 VHEE
LTVWERD) o 0SBEROBEROBL LTHERTILIENI L VS, B DR
EWMDRAALZHBERAPRKAOLAL o RETRABCRESERIOAB VL, 5L
RIENS, REASBOBRBOEFEFERIC AL F 74 VAREETDZE. Tho &K
BREOHEFRBETHEVE(RBIZEVS, 77F 2 FRREETHOKEREIZI>W T,
CHOLAEHBEEAPEETH B EE2RLABEDHE'Y

FlL-MEPR, BREROAD USRI I VEIMOTIELSSBEFNE LT AME L &
STHERSIN. SROEBELMY., BHEZHEMNI LI L vbhTHE, HENE 4
BNTVWBEDR, BEF L — MLL THRO T M~E2%T 3 8k {L&%) (siderophores) ic
BIg M. ¥, BEVOBE L L TETOEREETS S, AHMOFL b= A& 3
ﬁ®&\%ému4ﬁ®bvWA&Aﬁ@iwb:ﬁAﬁmi\Em%%tﬁMﬁﬁﬁﬁ
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SNTOT, KREBAV TN =T L9200 BOBEERCEELHAL R4,

PuO. OBFRE., BMEMZI > TSN E+ L — I (Polyhydrozamate) —Desferol -~ o
FATTHHONZI EXFMOEATED, Likd-T, BEEPTO SN b7 A9 20
DEBRPBEPEE IS F LU - MK L - TEEREITRENSE 05D 3, 74
P T L BET SR EOFET THEMOREEZZDEBENED. TL = L0
BANOBXIELTE{OBERANLF + - SRR, BEOEHIC W THRIR
ShTVBRN, BRI TRIVEY, $EMEBTREETIFL - MESWOER
KOVWTRFREOBRERMC DV TESHRIATVEI LS TH 3D, HEBFICELT
HESREZRLTEZEAChIABSUBEDOREER IOV TRIEE A LBEHNIT L,
RECBUAEELEOBITEET 2 RENMOF U — MLaWoERIES>VW TR+
AASHTORVOFBERTHY, SROWERBHET LI AHKRENY,

REPLEOE S BHEEEHEROLFEOEE (ph Eh), RBER, BE. ZBIRE. &
E. BOONTOREX LRER, SEE{0EFOEBL2Y. T L2BTROBR
ELEEORVAL T HEET S,

(6) FESBOBITLEE

PERTELBL BEEHOFRH >V, BEBTOAL OBEYHFEETE Fotk
A%, BRE. FREOHEHTTBETZE, M 1.4.3-4 X535,

BV I Y REDWTHIHROpEE MEMICTEE T 3 L2 M., MEPWERE T oe 2%
1.4.3-5 iiRF,
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Figure 2

4 Diagranm of the Biogeochemical Uranium Cycle.

(after Zajic, 1669)

2 g sulfate-reducing microbes

2503"

thiobacillus

t 2 1,50, UG,(S0,)1.F
| x

Uo, + 2Fe . — VO] + 2Fe-

f

| other oxidants

iron oxidizing microbes {0, ]

5 1.4.3-2 HE{LERNTTT S oA 207
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Figure 1-1

Distribution of a radionuclide between mobile and

immobile phases (from Allard, 1989).
IR SRR RN RN E RN R R AR R RN s A A AR S AR AR s N R NS SRR S AR A AR AN}

Mobile phase(aquifer} R(aq}
I 4 2

P M
3 4 I 5
v

S S S
A T T T T L L T i T i iy i i i i il
Stationary phase{reck surface)

R Radionuclide in solution, organic or inorganic related to the hvdrochemical
conditions, '

P Solid mobile phase, precipitate or coprecipitate that can be formed or
dissolved when the chemical conditions are changed, possibly by
microorganisms, in nearly saturated systems. E.g. Fe(OH)3‘aq, AI(OH)3‘aq.
CaC‘O3. macromolecular organics that can be effected by
microorganisms.

M Solid mobile phase, natural colloids. E.g. Microorganisms, clay minerals,

silica.
S Solid stationary phase, Rock surface with or without microbial biofilms.
1 Precipitation, coprecipitation - dissolution

2.5 Sorption, uptake - desorption, related to chemical speciation

3.4  Attachment, filtration, mineralisation, sedimentation - detachment,
sloughing, resuspension, weathering,

1.4.3-3 HBEHHEEBOWDAL, RS
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Energy Residuals

|

l

]

Microbial Characteristies

Aeroble, Anaerobie,

Mesophilic, Thermophilie,

Autotrophic, and
Heterotrophic Groups

Chemical Characteristics

Inorganic
and
Organic

Microbial Activities

Autotrophic

Sulfur and

sulfide oxidation

H 804
Solubilization
and leaching
of mecals

Mobilization

FIGURE 1

1

Iron oxidation
Fezf_>Te3+

Oxidation of
uranite to
soluble uranium

Leaching

Heterotrophic

]

Sulfate reduc-
tion under
anaerobic
conditions

Precipitation

and netal sul-

fide feormation
(insoluble)

Mobilization

Immobilization

1

Biodegradation of
organics and
interaction of wicro-
blal metabolites with
metals:

(1) Organic acids
metal solubilization
(ii) Production of
specific sequestering
agents

(iii) Bicaccunulation,
and blosorption by
microblial biomass.
(iv) BiomTthylation

2

X 1.4.3-4

Mobilization and
Imaobilizarion

Microbial transformation of toxic metals.

WEPIC L2 FEEROEE



Chemical

Microbial
Sulfolobus

3
SQT 02 +H20

T.thiooxidans \

FeSz +3 072 + Hp0

Pyrite
Acid

—Fe SO, + H, S0,

1
7 03
T. ferrooxidans

uo, 50,
Uranyl sulphate ( soluble )

Surface or ground water

Alkaline

C02 UO2(C03)3 10 H20

Uranyl carbonate
( soluble }

Liebigite

uo,
Pitch-blend
(S6iid)

% 0, + 3 Ca Coj (limesione)
+ Hzo

Ca (OH)2

Spirogyra. Oscitlotoria.

Rhizoclonium . Chara.

FIG.1. Uronium Leaching Involves Both Chemical and Microbial Processeses

lhat Largely Depend on Soil pH, and Microbes Present .( After Monroe 1985)

B 1.4.3-5 w35 o{b¥n, BEwnER otz
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Table 2

Results of the microbiological analysis
of soil from the La Hague disposal site

(after Sambell, 1983)

La Hague secil | La Bague soil + peat

ATP,
umwoles/q of dry matter 1.8 x 1072 2.4 x 1075
Total organisms 3.1 x 107 5.7 x 108

Number of organisms/g of drv makter

Azotobactexs 4.7 x 103 3.2 x 102
Clostridia _ 0.9 x 102 3.2 x 103
Nitrosating bacteria 93 183

Nitrifying bacteria 41 3.2 x 103
ammonizing bacteria 4.6 x 10° 5.7 x 10°
Hitrate-~reducing bacteria 4.7 x 102 3.2 x 10%

2ercbic cellulotytic bacteria - - -

Anaercbic cellulelytic bacteria 1.2 x 103 2.6 x 10°
Fungi 1.0 x 104 1.3 x 104

. L)
Actinomycetes 7.2 x 10° 6.3 x 106
Algae - -

Iron bacteria - -

A dash (-) signifies the bacterial type was not identified.
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Table 3

EFa— A r2a0FRtEs UMD BEmamER”

Microbiclogical analysis of aerobic and anaerobic soils containing bitumen

(Units: Organisns

g™ of dry matter)

Initial Aerobic conditions Anaercbic conditions
Organism soil '
analysis Sample 28 Sample 29 Sample 30 Sample 28 Sample 29 Sample 30
Ny—fixing bacteria 3,2 x 102 1.6 x 105 | 1.0 x 105 | 6.5 x 107 | 8.0 x 103 [9.0 x 10% |3.0 x 10%
Ammoni fying bacteria 5.7 x 108 8.0x 105 | 1.0 x 108 | 3.0 x 106 | 3.0 x 105 |4.0 x 108 3.5 x 107

Produced From Vejmelka and Sambell, 1984

£10-26 0TPENZ DN dJ
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Table 5

The ability of polyurethanes and epoxy resins to suppork microbial gqrowkh

(after Pankhurst et al, 1972)

Simulation or inhibition of growth of test organism’

— 88—

Substrate P. resinovorans? Actinomycete 1 A, nigerd
aeruginosa® S. marcescens® Yeast 1 Yeast 2 S. rubrireticuli® A. fumigatus?®
Resing or resin mixtures
epoxy resin/coal tar " 0 0] (v} 4] S 4] ++ +(BY
blending resin {no other ’
information} —_ — e e —— - — - -
polyurethane constituent
of a tape 0 0 - 4] e) - ] + o]
epoxide (o] — — - —_—— - - - 0
Encapsulants
polyurethane, rigid foam
{ polyether type) 0 0 o] . 0 0 o o 0 0
polyurethane, semi-rigid + + 0 + 0 4] o 0 . 0
epoxy resin/coal tar - —_— - —_— —_ —— ’ _— 0 o
epoxy resin/hardener 0 0 0 - — 0 0 +++(5) ++4(8)
Coatings
epoxy resin/ccal tar, — —_ ——— o] o - 4] 0 0
amine-~cured
KEY 0 = no growth or inhibition —— = pronounced inhibition +i+ = pronounced growth
— = a little inhibition + =

()
{(b)
(c)
(d)

some inhibition

Pseudomonas ap.
Serratia sp.
Streptomyces sp.
Asperxgilius sp.

a little growth (8) = gpore formation
= some growth )

+
+
|

€10-26 OI¥8NZ ONd
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# 1.4.3-4

WL B 3 EEREED

Table &

List of important radionuclides for geochemical study
(modified after Bird, 1979)

This list is not comprehensive and not all isotopes are listed. Selection was
based on a nuclide having a half-life of tens of vears and being present in
significant quantity in the irradiated fuel.

Isotope Half-Life (Years) Prcobable Form in Groundwater

79se <6.5 x 10* Se03~, Se04”

9% 7c 2,1 x 10° variable

1281 1.6 x 107 17,103~

90sy 29 s+

137¢cg 30.2 cst

107pg 7 x 108 Pd?t, hydrolysed complexes likely

238y 2,5 x 107 variable, most soluble as U0,2% or D(VI)
fluoride, phesphate or carbonate complexes:
research in progress

237np 2.1 x 108 variable, most mobile as NpO,2t or Np(vI)
complexes: research in progress

238py 87.7 variable, several oxidation states czn co—
exist: many hydrolysis complexes possible:
forms polymers in all oxidation states:

- research’ in progress
24Ypm 432 variable: research in progress
24%cq 1a,1 variable: research required
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Table 7

Numbers of contaminating micro—-orqanisms in backfill/buffer materials

(after Mayfield and Barker, 1982bh)
Backfill material

Culture

Pembina Avonlea Inco Domtaxr Sodium Manitoba Dreésser
HMedium mountain oillwell tailings Seal bentonite clay Hinerals

clay bentonite Bond bentonite

PDA 4 100 4 600 112 660 5 000 288 000 1 100
TSh 24 000 64 200 1 100 86 300 g 600 1 100 o000 1 100
SER 19 000 110 000 1 500 150 000 20 300 3 050 000 1l 400
NF 920 12 ooo - 3 600 2 8OO 120 000 200
PYE 12 300 14 000 1l 000 1l00%* loo* 110 000 lio*
MS 8 000 92 000 1l 100 3 200 5 600 480 Q00 1l 200
TGE 16 300 3z 300 2 200 21 000 9 400 480 000 2 200
NA 14 400 101 000 1 100 26 000 8 200 1l 106 0©O0Q 6 300

Media; PDA — Potato dextrose; TSR — Trypticase Soy; SER — Soil Extract; NF — Nitrogen free;
PYE — Peptone veast extract; MS — Mineral salts; TGE — Tryptone glucose; NA — Nutrient agar.

A dash (—) represents no micro-organisms were identified

An asterisk (*) represents low counts, indicates "sporadic" occurrence of bacteria

g10-g6 OIFBNZ DONd
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TABLE XI Microblal production of 1Z'CH4 and CH3T from radioactive waste
leachate samples.z'

Total Activity (pCi)

Methane Produced

(nmol) Yacy, CH3T
Control 580 0.5 0.03
Inoculated |
(Ny + COp -+ Hy) 18,000 0.59 1.0
Inoculated

(COy + Hy) 68,000 12 57

€10-¢6 OT¥8N Z O NdJ
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TABLE 2

Microbial Mechanisms for Metal Extracting/Concentrating/Recovery

Hicrobes Metals Removed Method Reference
Thiobacillus Iron (sulphur) Oxidation Mac Gregor
Sulfolobus (1966)
Sphaerotilus Iron Ozidation Brierley
Leptothrix Manganese (1982)
Hyphosicrobrium
Gallionella
Spilrogyra Molybdenum Oxidation Brierley
Oscillatoria Selenium (1982)
Rhizoeclonium Uranium
Chara Radium
Desulfovibrio Mercury Reduction Wood eﬁ al
species Lead (1983)
Brierley
£1982)
Seenedesmus
Synechococcus Nickel Surface ilon- Wood et al
Oscillatoria exchange {1983)
Chlamydomonas :
Euglena
Saccharomyces Uranium Surface ion- Brierley
cerevisiae Cesium exchange {1982)
Rhizopus arrhizus Radium Strandberg
et al (1981)
Shumate IT
(1978)
Peplcillium digitatum Uranium Surface ion- Keller
exchange (1983)
Ustllago sphaerogena Iron Surface Emery
chelation (1982)
Asperglillus niger Aluminium Surface Kiel et al
chelation (1980)
Cynanidium Iron, Copper, Surface Wood et al
caldarium Nickel, precipitation {1983)
Aluminium,
Chromium
Staphylococcus Cadmium, Zinc Chemixsmotic Novik et al
aureus (arsenate) Efflux {1879)
Escherichia Coli (arsenite)
antimony
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# 1.4.3-7T BEHL LB IKOMM BE/BRO A H=X402/2) @

Microbes
Anabaeria variabillis

Pseudomonas
-aaruginosa

Synechococcus

Clostridium
cochlearium

Pseudomonas
species

TABLE 2 (cont'd)

Metals Remowved

Method

Potassium,
Rubidium,
Uranium,
Cesium, Radium

Nickel, Copper,
Cadmium

Mercury

Tin

Chemilsmotic
efflux

Intracellular
trap

Intracellular
trap

Biomethylation

Biomethylation

Reference

Strandbarg
et al
(1981)
Shumate II
et al
{1983

Wood et al
(1982)

ibid

Hallas
et al (1982)
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1.0 SBRORSB

L0l BEYRNOEREILH>WT
CITROIFERIE. ROZH>ORERSZEEL L,

ORGBRBEILBV T, EIVIMENPEELBLOD,
QEETIREND S, RETORBERIZL > T, EPBETH 30,
(BETEBT3THA >HERIIAD)

QzMBLHIERDECAHAVONTVEHER, RABRBEFVELIEFHI GBI
LA OBERHEHBT A LTES ), MIBEOHLEETIIE., 3. (2) THh
oA o R AN

EHE =42 TEH LTV IAR+ESITRVANEB L TOEVWHE+ A HE

AEE=aX (A2 TEHLTVIHE+LEETRVANBEHL TOEVHE)

(e=FWARRTHEETEII2HMECHE=1LUT. FHETOLHAVTVE)
THH0T, FELEIHER,. b, (L2 TEHLTCVIHBE+EETRVWEHIES
LTUEU%%)M\E§ﬁ$05<é%ﬁibwﬁm\%%E%%otﬁttfiéé
Nb, FLEMPEBREHFLL-> T, BEBS L —-TOMENHE I h 20T, £EHKIZ.
MEOSN—FTERHEHHEN - TSI EHET LW,

Ll EEHE BB EEEFEI~I0 BERLB L&, LT a D@D ST L HIHE
?Eh:&t%ﬁ%(ﬁa=1?%@tmﬁ\HEK&oTﬁa=O&HD%%)ﬂE#
5. MEROAEREEIHEVRCAV, aDfitE §510, EREHORDHITE
HEBTHAOWAIMPNE (3. (2-2) FFAXFALREOHESBR) b3, fid. &
BREETHEOLEEAECBFVTEMPNEOHRBWEIE LN I L VWSHELD B,
FREEMEC/LDOMERBRZENLHEI S LOT VL, ELLEVERMERTE A —
TOBREYORBEHRL TBE. HERT -7 :BATI30LPRENTH S5,

@TH~N [RETEET2THLIMEN] & THEBECELL D 2HEM] O—8BT
530, TOEEHUEBED TREV, BEDR, BEHITI Ltk TEEBEMCEES
BLEAODNENOTH D, TOREHER. NOBRBEETVELIBFTHIOERLALR
HeRBcBULAEHCEVTHREYOFEYE (BWE. RERELE) 2R3 &k 3,
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LTHROEBHOF /v s, RIBRETAELEELTVWARTOME (EE2 TRV AH
FEHLTOWIVHEE) dRlonhTLESOT, COEMICREINR Y,

ZIT. LEYEFMERE ZE M - - R EBEEMESBEASNE LI,
LOLBEYO I/ N—FTEic, FERBRUIZEEZ oM, FEORFIPMLETS 3,
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- b
Organic Carbo“reduced Oxidized 3
nH* Electron
= . Transport
ne Carriers
{ok
Organic carbonoxldized Reduced A

+CO,
FIGURE 2 - Organic corbon a8 an electron donor for the microblological

reductlon of sulphate {Cragnolino and Tuovinen, 1984). With permlssion
of the CAB International,

Bl 1.5.3-1 HBEOMEVETRKBTIETEELELI L TCOETRES

BULK FLUID

FIGURE 13 ~ Diagrammatic representation of active, corrosion-causling
‘bacterinl congortia development on s metal surface. A thick 'bloflim
develops where Individual bacterlm specles grow rapidly to develop
microcolonles. When the blofllm attalns sufflclent thickness to exclude
oxygen, &an anseroblc zone is crested .adJm::ent. Lo the colonized metal
surface {Costerton et al., 1988). With permission of the Natlonal

Assocliatlon of Corroslon Englneers.

1.5.3-2 HFRMEEBRIEDSAFT 4 VLD
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SN

BULK FLUID @

EROBIC SHY 4.
5 '.. F g

FIGURE 14 - Diagrammatle representation of the actuval corroslon
potentlial established between speciflc aress on the metal surface. As
the corroslon pit deepens, the corrosion-causing organisms come to
occupy 1t (Costerton el ml., 1988}, Hith permission of the Hatjonal
Asscclallion of Corroslion Englneers.

5 1.5.3-3 4£RBEELCBIIAEAET Y+ VOER

BULK LIQUID PHASE ' " - .. '

AEROBIC HETEROTROPHIC ACTIVITY
OXYGEN CONSUMED, METABOLITES PRODUCED

BIOFILM ANAEROBIC HETERQTROPHIC ACTIVITY

FERMENTATION PRODUGTS, Incl. H, & ACETATE

SULPHATE REDUCING BACTERIA
SULPHIDE PRODUCED.

WY

FIGURE 18 - Model for mlicrobiam! bloflils (Hemllton and Maxwell, 198B).

1.5.3-4 RAF 74 NLETN
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FIGURE 17 - SEM micrograph of a_ corroslon plt on a mild steel surface
exposed for 48 hrs. to a Vibala alginolyllcus culture In simplified
Postgate C medium. Bacterlal cells can be seen inside a plt surrounded
by mbundent =accumula of corroslon products. The bar indicates 10 pm
(Caylarde and Videls, 1988).

X 1.5.3-5 HREEXHEOAE

FIGURE 1B + SEM mlcrograph of SRE colonies on a mild steel surface
exposed for 72 hrs. to a mixed culture of Vikala alginalyiicus and SRB.

Some crystmlline lentlicular blades of hematite and amorphous corrosion
products cen be seen surroundlng the bacterial coloﬁi’és. The bar

indicates 10 pm,

& 1.5.3-6 Wl EEOSRE @O o= —
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po- sitory J K. Pedersen, SKB T/R 89-23, 1989
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FRFh. HEs, MEREORB THREYOHESNHE, HHINITETES
HEe. BBRESBIT VT, 74 ML, R, BREAEEEZEI LY, BENESZ O
REBEOWEBERERBITEIHDET 3,

2.1 RTABH%
2.1.1 #B4

@Focus 91 : Nuclear Waste Packaging, September 29 - October 2, 1991,
Las Vegas, Nevada, USA. |
: ¥aste Package Corrosion ICHd 2L DHEEE 5 { ¥ TCall for Paper
PHTWS, RERE,

@High Level Radicactive ¥aste Management Conference, April 28 - May
Z2,1991, Las Vegas, Nevada, USA
REQTuTShinL L HEYHEORER TV, L LRadionuclide
Release from the Engineered Barrier System. Geochemistry®d -+ w &z
P5) (FEOLBTHAKOLOND-7)  HETIBARRIALD
yva UAEETH B, BERE,

@Third International Conference of Chemistry and Migration Behavior
of Actinides and Fission Products in the Geosphere, October 21-25, .
1991, Jerez de la Frontera, Spain
: Call for PaperTiZ 3 B DA D 1 o4 Geochenical Interactions and
Transport Phenomena, 2% - THEhH., O Effects of Organics and
Biological Activities. WO DHH 2, REHBETH AN, BEDLET
RMEVBEOBERT. REEHLIER >V TLHANBDOBEN 5 3,
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@Joint International ¥aste Management Conference, October 21 - 286,
1991Secul, Korea
: Call for Paperic ZFFICBAEMICBIT 2B RE VY. 5 2 EDKyoto
Conference(1989) Tld, MU NNBEEMICBEL T, MEMIC LBV IER
(Harwell) E#&ESic &2 BANEHEKER Finland) OHEN H - o,
FRBEE,

®Scientific Basis for Nuclear Vaste Management, November 4 - 7, 1991,
Strasbourg, France
: ZEDL£HiL, Yaste Form(bitumen, Ceramics, SpentFuel, Cement 7T &
Near Field Environment(Canister, Backfill, Radionuclide Migration)%
L TNatural Analogues ICER® YT T 5Symposiun A XH 3, ChFET
&2 HDr. McKinley(Nagra) F 3 #EMic B L THRE LT » TV 5 (1983, 1985) .
B,

B EHEESREVWEZZONALDTHEEH, JOMIKTEEEOHZ DL LTI,

®¥aste Hanagement ~92.
: COSRBEFEIARD 54T Tucson, Arizona, USA THEEE
Tw3, FEOREOFIIERI0A FOERLThC X3 HHEEED
BXZRD EFAb08H5 (2#) o LEX->THERSBRIDIERLTHEL
NELEAD,

SEEADCRTNIRKOFES, MESRAOH LRI,
2.2 MAeYBILR
2.2.1 BA

RELASCHEET ZREDOMERERNTRIEBLIALSADITLE L, ZHIEEVSH
DELLRIATETFIhIIROEEBYTEL S,
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BATHHELSKEETAHEGOHEIPLET VY, BHREBIKW H2IDELTOR

ﬁﬁ%énéo%némﬁﬁié%M?uﬁ?oa£\vﬁvwﬂ%ﬁﬁﬂ?ééﬁQﬁ

LALBUTETOREZROTHAE L,

@ANMERICAN SOCIETY FOR MICROBIOLOGY
EHE : 1325 ¥assachusetts Avenue, N¥ - ¥ashington,D. C. 20005
TEL202-737-3600
FAX 202-737-0368

EH : B85 [Applied and Environmental Microbiologyl @ RfT

@SOCIETY FOR APPLIED BACTERIOQLOGY

BH¥E : London
EE) : #8895k [Journal of Applied Bacteriology | @ RT

(®SVWEDISHE NATURAL SCIENCE RESEARCH COUNCIL.

BEHER : Ecological Research Committee, Stockholm, SWEDEN

FE®)  : BB9EE [Ecological Bulletins) OZFH

@GEOLOGICAL SOCIETY OF AMERICA

%035
TE & : B3B9E: MGeology J ORET

2.3 LR EEA

2.3.1 B
ORANE  xx (BEFHE) BLURRPANRS (BEMEB .
tWOhHHEAEA - WAV EBEOELTH 5, HFEOHRRTR., BEH
EYclseBHR (FHIITL @, FEY AT VX)) ORAEE
BEABESINL TV S,
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2.3.2 #4
@Corrosion 91, Cincinnati, March 11 - 15, 1991, Ohio, USA,
LT A YN ORRHRFAOESR, BERE, SE0HS, ERAOEORS
DENTHEDEBRMET A2y Va2 VEREEFTDUTVLAE, £v ¥ a0
BEHEA. Corrosion of Materials in Nuclear Systems(1 H) , MIC Proble

p in NuclearIndustry (1 H) , Biological Corresion (1.5 B) &= 7z

CEpheghB LI, EFASGEANDBELYEL,

@International Congress on Microbially Influenced Corrosion, October7-12,
1990, Knoxville, Tennessee, USA.
I REYRBOEMASFL L TEETE %,

®Yorkshop on Microbial Corrosion, March 3 - 6, 1891, Sesimbra, Portugal,

: 2nd European Federation of Corrosion®7E & L TEET S0, HEE
BBIUVIEREBECSY 2 BEYEAKBET 2 HERSHBELZENEL TV 3,

Pllofhic, #BLEZVOR,
@Corrosion Forum ~91, April 23 - 24, Cambridge, England.

®Appalachian Underground Corrosion Short Course, Morgantown, ¥est

Virginia, USA. May 14 -16, 1991.

@®Fifth International Symposium on Environmental Degradation of Materials
in Nuclear Power System - Water Reactors, August 25 - 29, Honterey,
California, USA.

BETH D,
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QUESTIONNAIRE
1.General
We think the study on the microbial effect on nuclear
waste repository is one of the most complicated systems to
be considered for the safety analysis for nuclear waste
management. So we think a deeply considered research

program, which assess microbiological .activiy in the
disposal site, should be needed at the start of the study.

As a start of the guestion, we would ask you your general

status of it. Please choose the answer and make your

comments if necessary.

(1)Is your organization now performing any investigations
and/or studys on microorganisms effect on nuclear waste
disposal?

Yes / No

Comments:

If Yes, please cintinue on the following guestions.
If No, please start from the question 1-(5).

- (2)Which type of nuclear wastes you study on about the

microorganism?
LLW / ILW / HLW

Comments:
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(3)When did you begin to investigate and/or to study the
field?

Just started / 5 yvears ago / 10 years or more

ago

Comments:

(4)When you began the job, what kind of work did you do as

your first study?

Literature Survey / Field Sampling and Analysis
/other

Comments:

(5)Could you show us a summary of your research program
for the microbiolpgical activity? And when you would
show us ydur current position in it, we would very much
appreciated it.

{Please show them in the following column)
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{6)Do you have any plans to study the microbial effects on
the repository? aAnd which type of waste is you
interested in to study?

a.Yes / No
b.LLw / TLW / HLW

Comments:

Then we would like to ask you more specific item related
vour recent status of micoorganism study. If there are no
problems, please continue to f£ill{check) the followimg

gquestions{in case of you are now performing any research
and/or have any reseach programs for geomicrobial effect

on geological disposal):

2.Current Study Related

(1)What do you think the phase of your own current study
on the microbial activity in your whole research
program?

Preliminary/Basic/Applied

Comments:
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(2}What kind of study are you doing now?

a.Preparation for a study
(e.g. Research Program Arrangement)

b.Preliminary study.
(e.g. Literature Survey)

c.Field test-1
(e.g. Sampling,Count,Identification of Microbes,

etec.,)

d.Field test-2
(e.g. Study on their Phenomenon : Nuclide
Migration, Sorption, Alteration of Ground

Water Chemistry, etc.,)

e.Laboratory Test-1
(e.g. Sampling,Count,Identification,

Enrichiment, etc.,)

f.Laboratory Test-2
(e.g. Study on their Métabolic Activity :Inter-
action with Organic/Inorganic Materials,
Alteration of Ground Water Chemistry, Uptake
of Nuclide, etc.,)

g.Effect of radiation on microbes
(e.g. Radiation Damage, Resistivity, etc.,)

h.Model Formation
(e.g. Prediction Model for Microbial Effect on
Geochemical Environment including'the Issues
of Nuclide Migration,Sorption,Ground Water
Chemistry, etc.,)

Comments:
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{(3)What kinds of expertise are assigned to and are

required for the program?
a.Currently Assigned:

Geologist/Biologist/Physiclogist/Chemist
Phisicist/Othexs{ ‘ )

b.Required Assignees:

Geologist/Biclogist/Physiologist/Chemist
Phisicist/Others{ )

Comments:

(4)What kinds of microbe did you confirm the existence in

ground water or in soil?

(5)Could you give us your test site name, lcocation, depth,
and its{their) type of rock where you toock water(soil)

sample related to the above (4) guestion.
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(6)What kinds of sampler is adapted for the collection of
groundwater and/or soil? Any development did you need
to take an undisturbed sample from underground in order

to avoid contamination?

(7)What microbial activities are required to evaluate
from the viewpoint of safety amnalysis for nuclear waste
disposal?'Please collect the 5 highest priority.
({e.g. Alteration of groundwater chemistry, Radionuclide
uptake, etc.,)

(8)What kinds(species) of microbe are reguired to study
for their activity in underground and/or disposal site

for nuclear waste?
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(9)Are you now performing hot test {using radioactive
nuclieds) to investigate the microbial activity oxr do
you have any plans to use radiocactive nuclides in your
study?

a.Currently : Yes/No
b.Plans : Yes/No

Comments:

(10)What kinds of hot test do you plan now and/or what
kinds of hot test are required to perform to study
the microbial activity for the nuclear waste disposal

program?
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And the following guestions are miscellaneous issues of

the biological activity in nuclear waste management.

3.Miscellaneous

(1)wWhat do you think about the priority of study on micro-

bial activity. in nuclear waste disposal program.
Priority : High/Mid./Low

Comments:

(2)What kind of technology do you need to be developed for
your microbes study? Please make any comments.

(3)We would very much appreciate it when you could give us

recommendation of any meeting, conference, and work-

shop related to the microbe study in radicactine waste
management .

Thank you wvery much.
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Nagra Cédra Cisra
Nationale Société coopérative Sacietd cooperativa
Genossenschaft nationale . nazienale

fur die Lagerung pour Yentreposage per l'immagazzinamenio

radicaktiver Abfille  de déchers radioactifs di scorie radioattive

Dr. H. Asano
-IHI
2-16, 3-Chome
Toyosu, Koto-Ku
107 Tokyo / JAPAN
Ihr Zeichen:
Unser Zeichen:
McK/fo
Tel, 056/ 205... : Baden,
) N 6 May 1991
Dear Dr. Asano,

Please find herewith a response 1o your questionnaire of April 15th.

Encl.

Yours sincerely,

Nationale Genossenschaft
fiir die Lagerung radioaktiver
) Abfille NAGRA

@“X@m\\q& Lov

Dr. C, McCombie Dr. I. McKinley
Director Ré&D Coordinator
Science & Technology

P.S.: Please note our new address as from 1 May 1991;

Nagra
Hardstrasse 73

5430 Wettingen - SWITZERLAND

Tel ++41/56-371 111; Telefax ++41/56-371 207

Bank: Aarg. Kantonalbank, CH-5401 Baden, Postcheck: 50-17293-0
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D
2)
3)

4)

5)

6)

1)
2)

3)

4)

Microbiology Questionnaire
Page 1

Response to Microbiology Questionnaire
Ian G. McKinley

Yes, including lab studies, modelling and natural analogues.
All types of waste are (or have been) studied but emphasis is on L/ILW.
First literature studies and scoping lab tests began more than 10 years ago.

- Literature studies (possible effects of microbial activity, possible use of biocides )

- Lab studies (Bitumen biodegradation)

- Field sampling (at the Grimsel underground laboratory and potential repository
sites)

- Model development.

Current status of Microbiology programme:

a) Lab studies of microbial activity in L/ALW near-field underway (contractor
Dr. I.M. West, BGS)

b) Lab/literature studies of extreme alkalophiles underway (contractor Prof.
R. Bachofen, Uni Zurich)

¢) Computer model of microbial activity in repositories/waste packages being tested
(contractor Dr. H. Grogan, Intera Sciences)

d) Natural analogue studies in Pogos de Caldas (U roll front) and Jordan (hyperalkaline
system) in final stages of documentation

e) Incorporation of microbiology in formal repository performance assessment, in
planning stage.

Yes (pilot studies already carried out and documented) - for all waste types.

Applied - moving towards modelling and model validation.

(&), (£) and (n).

Microbiologist, ecologist, chemist, mathematical modeller, geologist, geochemist,
performance assessor => all already assigned.

6 R
Vast range in the environments studied; main interest at present in oligotrophic
alkalophiles. Specific groups of interest identified include SRBs, sulphur oxidisers, iron

bacteria and methanogens.
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5)

6)

7

8

9/10)

Ly
2)

3)

Microbiology Questionnaire
Page 2

D Grimsel test site, 450 m depth in crystalline

2)  N-Switzerland borehotes, surface - ~ 2000 m depth, crystalline/sediments
%) Wellenberg boreholes, surface - ~ 500 m depth, sediments

4)  Tunnels, up to ~ 500 m overburden, sediments, crystalline, anhydrite

) Pogos de Caldas, U/Th ore bodies, surface - ~ 450 m

6} Omar/Jordan, hyperalkaline springs/seepages.

Wide range, from simple sample bottles (surface seeps) to pressurised down-borehole
samplers.

Contamination was shown to be inevitable; samples of contaminating fluids (e.g. surface
waters/soils) used to determine the likely magnitude of this effect.

- Organic complexant production

- Gas production

- Eb/pH alteration

- Direct uptake of radionuclides (if mobile)

- Degradation of barrier properties (e.g. cement),

- Alkalophiles/Oligotrophs
- SO/SRB
- Metal precipitating/oxidising bacteria.

Yes, our L/ILW near-field simulations at BGS include radionuclides.

Medium, main concern is for long-lived ILW (TRU).
Measurement/modelling of microbial kinetics.

MIND group meetings. More details can be obtained from Dr. .M. West of BGS.

07.0591 McK/folkri
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A - AECL EACL

AECL Research EACL Recherche

‘ Whiteshell Laberatories  Laboratoires de Whiteshell
€-8206.1263.1 Pinawa Manitoba Pinawa {Mzanitoba)
CAM-91-091 Canada ROEILD Canada ROE 1L0

Tel {204} 753-2311 Tél (204) 753-2313
July 8, 1991 Fax (204) 753-8404 Fax (204) 753-8404
Telex 063-671345 Télex 063-6571345

Mr. H. Asano

Nuclear Fuel Cycle Development Dept.
Ishikavajima-Harima Heavy Industries Ltd.
2-16, 3-Chome, Toyosu,

Koto-Ku -

Tokyo-135, JAPAN

Dear Mr. Asano:

~

Please find attached the questionnaire on the status of AECL's studies into
the effect of microbiological activity on nuclear waste disposal that you
provided with your letter of April 15, 1991.

AECL has resumed studies in this field only in the last 6 months, so that our
activities are very much at the planning stage. For this reason I cannot
provide a detailed statement on our program, both planned and underway. This
will be evident to you as you review the questionnaire.

I would be interested to know more about IHI's research program on this
subject. For example, are you conducting laboratory experimentation? Because
we are at the planning stage of our program, we are open to the consideration
of joint research activity in this field.

I would be interested to know any thoughts that you might have in this regard.

Sincerely,

(Ul
C. A. McDowall, P.Eng.
Manager
Commercial Office

Environmental Sciences
and Waste Management

CAM/ ty

Aomic Energy Energie atomique
of Canada Limited du Canada limitée
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QUESTIONNAIRE
l.General

We think the study on the microbial effect on nuclear
waste repository is one of the most complicated Systems to
be considered for the safety analysis for nuclear waste
management. So we think a deeply considered research
program, which assess microbioleogical activiy iﬁ the
disposal site, should be needed at the start of the study.

As a start of the guestion, we would ask you your general
status of it. Please choose the answer and make your

comments if necessary. -

(1)Is your organization now performing any investigations
and/or studys on mlcroorganlsms effect on nuclear waste

disposal?

Comments:

AECL Research resumed studies in this area late in 1990. Some initial investipations were
conducted in the period 1979 {o 1986.

If Yes, please cintinue on the follow1ng questlons.
If No, please start from the gquestion 1-(5}.

(2)Which type of nuclear wastes you study on about the

microorganism?
LLW / ILW / HLWJ

Comments:

Currently our primary focus is on HLW, because we anticipate that information on
microbiological activity will be required to satisfy the needs of the current Environmental
Assessment Review of AECL's concept for the disposal of nuclear fuel. However the study
of microbiological activity is likely relevant to all nuclear wastes.
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(3)When did you begin to investigate and/or to study "the
field?

Just started / 5 years ago / 10 years or more

ago
Comments:

See Item 1.

(4)When you began;the job, what kind of work did you do as
your first study?

Literature Survey / Field Sampling and Analysis
/other '

Comments: .
Literature searches and some preliminary field and laboratory investigation were done in the
_ period 1979 - 1986. Modelling, based on nutrient and energy sources analysis, was done in
1986.

Initial activities involved literature search and consultation with Canadian universities and
government into R&D related to biological recovery of ores.

(5)Could you show us a summary of your research program
for the microbiological activity? And when you would
show us your current position in it, we would very much
appreciated it. ) . ]

(Please show them in the following column)

We are still in the process of planning our program. We would be pleased to review our
plans, once they are finalized.
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(6YDo you have any plans to study the microbial effects on
the repository? And which type of waste is you

interested in te study?

a.Yesh/ No
b.LLW / ILW /7ELW

THeNL

o

S

Comments:

The major focus of AECL's program will be studies related to the Canadian Nuclear fuel
Waste Management Program (HLW), with experimentation in our Underground Research

Laboratory. .

Then we would like to ask ybu more specific item related
vour recent status of micoorganism study. If there are no
problems, please continue to fill{(check) the followimg '
gquestions(in case of you are now performing any research
and/or have any reseach programs for geomicrobial effect

on geological disposal):
2.Current Study Related
(1)What do you think the phase of -your own current study
on the microbial activity in your whole research
program?
O N - )
g@?;eliminarg%Basic/Applied.

Comments:
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(2)Whai kind of study are you doing now?

a.Preparation for a study
(e.g. Research Program Arrangement)
In progress
b.Preliminary study.
(e.g. Literature Survey)
_ In progress
c.Field test-1
(e.g. Sampling,Count,Identification of Microbes,
etc.,) |
The initial test program is belng set up.
d.Field test-2 '
(e.g. Study on their Phenomenon : Nuclide
Migration, Sorption, Alteration of Ground

Water Chemistry, etc.,)

e.Laboratory Test-1 ) _
: (e.g. Sampling,Count;Identification, -

Enrichiment, etc.,)

f.Laboratory Test-2 o
(e.g. Study on their Metabolic Activity :Inter-
action with Organic/Inorganic Materials,
Alteration of Ground Water Chemistry, Uptake

of Nuclide, etc.,)

g.Effect of radiation on . microbes
(e.g. Radiation Damage, Resistivity, etc.,)

h.Model Formation
(e.g. Prediction Model Ffor Microbial Effect on
Geochemical Environment including the Issues
of.Nuclide Migration,Sorption,Gfound Water

Chemistzry, etc.,)

Comments: :
{
Activities relating to items d, & f, g, and h are planned.
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(3)What kinds of expertise are assigned to and are

reguired for the program?
a.Currently Assigned:

Geologist/Biologist/Phys1ologlst/Ch;mlst %
Phlslc1st/0thers(Mknmmbgﬂ,Bmdmmho ' "”') -

b.Reguired Assignees:

Geologist/Biologist/Physiologist/Chemist
Phisicist/Other;( )

Comments:

AECL has well developed geological, hydrogeological and biological research programs.

(4YWhat kinds of microHe did yodu confirm the existence in

ground water or in soil?

Our results to date are only preliminary and we are not ready for publication. We would

however, be prepared to discuss preliminary findings in an appropriate forum.

(5)Could you give us your test site name, location, depth,

and its(their) type of rock where you took water(soil)
sample related to the above {4) guestion.

See item 4 above. We intend to use our Underground Research Laboratory for our

Program.
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(6)What kinds of sampler is adapted for the collection of
groundwater and/or soil? Any development d&igd you need

to take an undisturbed sample from underground in order
to avoid contamination?

’

Our approach has been fairly conventional in sampling. . We would be inferested in any
Japanese developments.

(7)What microbial activities'are reguired to evaluate
from the viewpoint of safety analysis for nuclear waste
disposal? Please collect the 5 highest priority.

(e.g. Alteration of groundwater chemistry, Radionuclide
uptake, etc.,)

- The redox condition of the vanit pore water can be effected by microbial growth.
Changing the redox condition of the vanlt could have a major impact on the viability
of the disposal concept

- Modification of radionuclide sorption in the geosphere is a possible result of microbial
activity.

(8)What kinds(species) o0f microberare required to study

for_their activity in underground and/or disposal site
for nuclear waste?

This is a subject for further discussion.
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(9)Are you now performing hot test (using radioactivé
nuclieds) to investigate the microbial activitiy or-do

vou have any plans to use radioactive nuclides in your
study?

a.Currently : Yes/No

b.Plans

G
i -
A
P

Commenis:

AECL currently plans to investigate the effect of microbes on radionuclide sorption and
subsequently we plan migration studies.

(10)What kinds of hot test do you plan now and/or what
kinds of hot test are required to perform to study

the microbial activity for the nuclear waste disposal
program?

This subject is currently under consideration.

tor actinides, hot tests are considered essential, For other radionuclides, radioactive .
isotopes are preferred, to facilitate analysis.
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And the following guestions are miscellaneous issues of

the biological activity in nuclear waste management.

3.Miscellaneous

{1l)What do you think about the priority of study on micro-

bial activity in nuclear waste disposal program.

Priority :ﬁﬁigﬁZMid./Low

Ve
Comments:

Questions have been raised regarding the impact of microbes on the safety of nuclear
disposal activities. Because this subject has not received much attention to date, it will
likely have medium to high priority in the near term.

{(2)What kind of iechnology do you need to be developed for

your microbes study? Please make any comments. ‘

H

Improvements to field sampling techniques and hardware would be useful,

(3)We would very much appreciate it when you could give us
recommendation of any ﬁeeting, conference, and work-

shop related to the microbe study in radicactine waste
management.

Reference material on the 37 Meeting of the International Group MIND (Micro-organisms
in Nuclear Waste Disposal) is attached. This group plans to meet every two years.

Thank ydu very much.
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AEA TECHNOLOGY
‘ D&R BUSINESS
EXPERIMENTAL STUDIES DEPARTMENT
' BUILDING 220.23
HARWELL LABORATORY
OXFORDSHIRE bXII ORA

DATE: 14 May 1991

FACSIMILE TRANSMISSION

ABINGDON (0235) 43 4835 -

ENQUIRES ?2227727: : TEL ABINGDON
(0235) 821111 EXT: 5801

PAGES TO FOLLOW: g
FROM: DR JOHN A BERRY, HARWELL LABORATORY, UK

TO! MR HIDEKAZU ASANC, TQYQSU OFFICE, JAPAN

MESSAGE:
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AEA DECOMMISSIONING
& RADWASTE

Radwarte Disposal Division

Mr Hidekazu Asano

Nuclear Fuel Cycle Development Department
Ishikawajima-Harima Heavy Industries Co Ltd
Toyosu Office

3-2-16 Toyosu

Koto-ku

Tokyo 135

Japan

Deyr Mr Asano

I am returning your questionnaire which has been completed
colleague who works in the field of microbial activity. I am not
in this area of research.

-

P

AEATECHNOLOGY

Experimewtal Studics Department

Harwell I.idllll‘illt)r}

Oxfordshire OX11TORA

Telex: B3135 ATOMHA

Telepbone: 102351821151 BBOY
Facsimile Numbaer: 0235 434835

14 May 1991

for me by a senior
personally involved

The answers are as complete as we can give since, details of our studies are restricted

by Commercial Confidentiality arrungements with our customers,

With bet regurds

{E) \"\_Q_ \/\..r\(::l 2_

{C o

Dr John A Berry
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QUESTIONNATRE
i1.General

We think the study on the micsobial effect on nucleax
waste repository is one 02 the most complicated systems to
be considered for the safaﬁy analysis for nuclear waste
management. So we think a deeply considered research
prcgram, which assess microblological activiy in the
disposal site, should be needed at the start of the study.

As a start of the guasstion, we would ask you your general
status of it. Please choose the answer and make your
comments Lf necessary.’

{1)Is your organization now performing any investigations

and/or studys on microorganisms effect on nuclear waste
disposal?

Yes / N®

Comments:

If Yes, please cintinue on the following gquestions.
If No, please start from the gquestion 1~(5).

(2)Which type of nuclear wastes you study on about the
microorganism? '

LLW / X% / BENW

Comments:
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(3)When di& you begin to investigate and/or to study the
£1ield?

Rpskxshasdkgd / 5 years ago / LXXEXAXBXANXANEXE
Hxal

Comments:

{(4)When you began the Jjob, what kind of work did you do as
your first study?

Literature Survey / T4 xR anpdeix g 2wk xhn & T wbdxs
7/ ®kREX

Comments:

(5)Could you show us a summary of your research program
for the microbiological activity? And when you woulad

show us your current position in it, we would very much
appreciated it. '

{Please 'show them in the following coclumn)
PRESENT POSITION: -

(1) wWill Microbes survive in a repository
(2) What are the main effects
{(3) wWhat is the magnilude of these effects
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(6)Do you have any plans to study the microbial effecis on
the repository? And which type of waste is you
interested in to study?

a.Yes / X®»
b.LLW / 33iW / EER

Comments:

Then we would like to ask you more specific item related
your recent status of micoorganism study., If there arse no
problems, please continue to f£ill(check) the followimg
questions{in case of you are now performing anyv reserarch
and/or have any reseach programs for geomicroblal effect
on geQloginAal Aispnsal):

2,.Current $Study Related
(l)What do you think the phase of your own current study
on the microbial activity in your whole research

program?

PR XXRA XX /Basic/Applied

Comments:
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{2YWhat kind of study are ycu dcing now?

a.Preparation for a stuady
(e.g. Research Program Axrrangement)

b.Preliminary study.

(e.g. Literature Survey)

c.Fileld test-1
»//, (e.g. Sampling,Count,Identification of Microbes,
etc..,)

d.Field tesi-2
(e.g. Study on thelr Phenomenon : Nuclide
Migration, Sorption, Alteration of Ground
Watey Chemistry, ei¢.,)

e.Laboratory Test-1
\//, (e.yg. Sampling,Count,Identification,
Enrichiment, ete.,)

f.Laboratory Test-2
(e.g. Study on thelr Metabolic Activity :Inter-
action with Organic/Inorganic¢ Materials,
\/// Alteration of Ground Water Chemistry, Uptake
of Nuclidé, ete,, ) .

g.Effect of radlation on microbes
(e,.g. Radiation Damage, Resistivity, etec.,)

h.Model Formation
(e.g. Prediction Model for Microbial Effect on
Geochemical Environment Including the Issues
of Nucllde Mligration,Sorption,Ground Water
Chemistry, eteg.,)

Comments:
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(3)What kinds of expertise are assigned to and are

required for the program?
a.Curxrently. Assigned:

RERAHKER/B10loglist /DKS KB OMKKY /Chemi st
KRAOBANKKEX /Others (Modellists )

b.Réquired Assignees:

GenXF XX /BLClogist APARKE XD AXKKKEX /Chemi st
ERANXNEXEX /Others (Modellists }

Comments:

{4)What kinds of microbe did you confirm the existence in

ground water or in soil?

(5)Could you give us your test site name, location, depth,
and 1its(their) type of rock where you took water(soil)
sample related-to the above (4) guestion,
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(6)What kxinds of sampler is adapted for the collection of
groundwater and/or soil? Any developmenti did you need
to take an undisturbed sample from underground in order

to avoid contaminétion?

(7)What microbial activities are reguired to evaluate
from the viewpoint of safety analysis for nuclear waste
disposal? Please collect the 3 highesti priority.
(e.qg. Alperation of groundéwater chemistry, Radicnuclide

uptake, etc..,)

(8)What kinds (species) of microbé are regquired to study
for their activity in underground and/or disposal site

for nuclear waste?
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(9)Are you now performing hot test (using radicactive’
nuclieds) to investiuvate the microbial activity ox do
you have ahy plans to use radioactive nuclides in your
study? '

a.Currently : Yes/H#A»

b.FPlans : Yes/No

Comments:

{10)YwWhat kinds of hot test do you plan now and/or what
kinds of hot test are required to perform to siudy
the microbiai.activity Tor the nuclear waste disposal
program?

Effects on Solubility of Plutoniuw
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And the following guestions are miscellaneous issues oFf

the biological activity in nuclear waste management.

3.Miscellaneous

(l)What do you think aboutr the prioriily of study on micro-
pial activity in nuclear waste disposal program.

Priority : EBX¥a/Mid./Edw

Comments:

(2)What kind of technology do you need to be developed Zor
your microbes study? Please make any comments.

(3)We would very much apprecliate. it when you could give us
recommendation of any meeting, conference, and work-~
shop related to the microbe study in radioactine waste
management,

MIND Workshop organised by Nick Christofi of Napier College,
Edinburgh
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S%Battelle

Pacific Northwest Laboratories
Batielle Boulevard ’

P.O. Box 999

Richland, Washington 93352
Telephone (509) 376-8314

October 14, 1991

Mr. Hidekazu Asano

Nuclear Fuel Cycle Development Department
Ishikawajima-Harima Heavy Industries Co., Ltd.
Toyosu Office

3-2-16 Toyosu, Koto-ku

Tokyo 135

Japan

Dear Mr. Asano:

Thank you for your inquiry concerning Battelle's research activities on
microbial effects on waste disposal. I am enclosing the questionnaire that
you requested we complete, and I am-also enclosing some scientific reprints
that may be of interest.

If you have an interest in using Battelle’s expertise and capabilities related
to microbiological research and development, please fTeel free to contact my

office.
s amfiff;ﬁ
Mich 7 Graham

Deputy Manager
Earth & Environmental Sciences

Sincerely,

PR /
"y

MJG:ek

Enc.

Twenty-five years of science for DOE and the Northwest
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QUESTIONNAIRE
1.General

We think the study on the microbial effect on nuclear
waste repository is one of the most complicated systems to
be considered for the safety analysis for nuclear waste
management. S50 we think a deeply considered research
program, which assess microbiological activiy in the
disposal site, should be needed at the start of the study.

As a start of the guestion, we would ask you your general

status of it. Please choose the answer and make your

comments if necessary. ‘

{1)Is your organization now performing any inveétigationsr
and/or studys on microorganisms effect on nuclear waste
disposal?

Yes / No

Comments: Battelle, Pacific Northwest Laboratory is performing
basic scientific research and process development for bioremediation of
contaminated subsurface environments and characterization for nuclear waste
disposal.

If Yes, please cintinue on the following guestions.
If No, please start from the guestion 1-(5).

(2)Which type of nuclear wastes you study on about the

microorganism?

[ T —

(LLw / ILW / HLW

r

Comments: At the Hanford site, Battelle, Pacific Northwest
Laboratory is studying all radiocactive waste forms.
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(3)When did you begin to investigate and/or to study the
field? '

Just started / 5 years ago /(§€#;;;;;i5;1;555>

ago

oy L
!i/’ L!/J < -\'l‘ézw
Comments: Fundamental investigations of soil-plant, ground-
water, and river ecosystems relative to nuclear waste disposal has been
ongoing for over twenty years at Battelle, Pacific MNorthwest Laboratory.

{4)When you began the job, what kind of work did you do as
your first study? '

C::Eiigfiigfgﬂgurtgx)(igigzg_Samplinq and AnaTys;;:ZD

/other

Comments:

{5)Could you show us a summary of your research program
for the microbioclogical activity? And when you would
show us your current position in it, we would very much
appreciated it.

(Please show them in the following column)

Specific results of résearch programs for microbiological activity in
relation to wate depositories is not readily available.
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(6)Do you have any plans to study the microbial effects on
the repository? And which type of waste is you
interested in to study?

G /e

/
b.TTW / ILW / HLW

Comments: Planning activities include requests to U. S.
government to support research on long-term integrity of barriers.

Then we would like to ask you more'specific item related
your recent status of micoorganism study. If there are no
problems, please continue to fill(check) the followimg
questions(in case of you are now performing any research
and/or have any reseach programs for geomicrobial effect
on geclogical disposal):

2.Current Study Related

(1)What do you think the phase of ybur own current study
on the microbial activity in your whole research
Program?

(Freliminary)Basic/Applied

Comments:
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(2)What kind of study are you doing now?

(fj)Preparation for a study

(e.g. Research Program Arrangement)

b.Preliminary study.
(e.g. Literature Survey)

c.Field test-1
(e.g. Sampling,Count,Identification of Microbes,

etc.,)

d.Field test-2
(e.g. Study on their Phenomenon : Nuclide
Migration, Sorption, Alteration of Ground
Water Chemistry, etc.,)

(i)Laboratory Test-1
{e.qg. Sampling,Count,Ideniification,

Enrichiment, etc.,)
Asphalt degradation studies.
f.Laboratory Test-2
(e.g. Study on their Metabolic Activity :Inter-
action with Organic/Inorganic Materials,
Alteration of Ground Water Chemistry, Uptake
of Nuclide, etc.,)
Uptake of selected radionuclides by subsurface microorganisms
g.Effect of radiation on microbes

(e.g. Radiation Damage; Resistivity, etc.,)

h.Model Formation
(e.g. Prediction Model for Microbial Effect on
Geochemical Environment including the Issues
of Nuclide Migration,Sorption,Ground Water
Chemistry, etc.,)

Comments:
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(3)What kinds of expertise are assigned to and are
required for the program?

a.Currently Assigned:

Geologist/Biolcgist/Physiologist/Chemist
Phisicist/Others )

b.Required Assignees:

Geclogist/Biologist/Physiologist/Chemist
Phisicist/Others )

Comments:

(4)What kinds of microbe did you confirm the existence in

ground ‘water or in soil?

Please refer to the enclosed reprinted scientific articles.

(5)Could you give us your test site name, location, depth,
and its{their) type of rock where you took water(soil)
sample related to the above (4) gquestion.

Please refer to the enclosed reprinted scientific articles.
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(6)What kinds of sampler is adapted for the collection of
groundwater and/or so0il? Any development did you need

to take an undisturbed sample from underground in order
to aveid contamination?

A split-spoon sampling device and associated methods were developed

specifically to ensure aseptic sampling and handling of subsurface
core samples.

(7)What microbial activities are reguired to evaluate

from the viewpoint of safety analysis for nuclear waste
disposal? Please collect the 5 highest priority.

(e.g. Alteration of groundwater chemistry, Radionuclide
uptake, etc.,)

Metabolic potential

Influence on heavy metal and radionuclide mobility.
Degradation of chelators and solvents.

. . Degradation of barrier materials.

Alteration of groundwater chemistry.

o1 W=

{8YWhat kinds(species) of microbe are required to study

for their activity in undergreund and/or disposal site
for nuclear waste?

Functional groups of microorganisms and total microbial communities are
more important than taxonomic representation.
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(9)Are you now performing hot test

{using radiocactive
nuclieds)

to investigate the microbial activity or do

you have any pléns to use radioactive nuclides in your
study?

a.Currently : Yes/No

b.Plans : /No

Comments:

Currently investigating radionuciide uptake by subsurface
microorganisms. ‘ -

(10)What kinds of hot test do you plan now and/or what
kinds of hot test are required to perform to study

the microbial activity for the nuclear waste disposal
program?

Intermediate-scale 1aborat6ry studies to determine the fate and mobility
of radionuclides in heterogeneous systems.
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And the following questions are miscellanecus issues of

the biological activity in nuclear waste management.

3.Miscellaneous

(1)What do you think about the priority of study on micro-

bial activity in nuclear waste disposzl progrém.

Priority : /Mid JLow

Comments: |[ong-term integrity of waste disposal sites must
include design for resistance to microbial degradation.

{(2)What kind of techneology do you need to be developed for

your microbes study? Please make any comments.

Standard biotreatability protocols for mixed wastes.

{(3)We would very much appreciate it when you could give us
recommendation of any meeting, conference, and work-
shop related to the microbe study in radioactine waste

management.

Thank you very much.
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QUESTIONNAIRE

l.General

We think the study on the microbial effect on nuclear
waste repository is one of the most complicated systems io
be considered for the safety analysis for nuclear wastie
management., So we think a deeply considered research
program, which assess microbjiological activiy in the
gisposal site, should be needed at the f§tart of the study.

As a start of the guestion, we would ask you your general
gtatus of 1it. Please choose the answer and make your
ceomments 1f necessary.

(1)Is your organization now performing any lnvestigations
and/or studys on microorganisms effec¢t on nuclear waste
disposal?

Comments:

If Yes, please cintinue on the following guestions,
If No, please start from the guestion 1-(5).

(2)Which type-af nuclear wastes you study on about the
microorganism? '

e e
. GITW / ILW / BLW)
~ -

——— s« b =

Comments:

Studity on LLW 2 ITLW At !&@’é"’i ﬁé"éﬂqé’ﬁ(
k L N Pyl a O‘:ﬁﬂj}i?
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‘1 wnen 418 you begin to investigate &nd/or to study the

fiel1d?

Just started / 5 years ago / 10 years oOr more

Comments:

i ®~es ycu began the job, what kind of work did you do as
y .t first guudy?

-

*
k al

rature Survey / Field Sampling and Analysis

L4

te
w“h

[§]
s

Cecmmentig:

* - 877w 43 a suamihary of your research program
e mizriiicicegical activity? And when you would

I [ » 4 7: v

=7 €Jrrent peosition in it,
&rrte ,m'2: L

- - 4o

’

we would very much

7 ®sse v iner in the following column)

We can sead Yyou & set of our
cﬂﬂnuqf %€f0w5£ ro 5{j/4 Wil h

Would  Fhat b &M{zgéml{ Afn/l«oa *>
Ploaie Conb/mm
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(S)Do you have any plans to study the microbial effects Onl
the repository? And which type of waste i{s you
interested in to study?

a.%es / No
b.LLW / ILW / HLW

Comments: v, Cﬂﬁhhcéf" thy v . L
A LW sment pr (g1 Amﬂn{r{

Then we would like to ask you more specific item related
your recent status of micoorganism study. If there are no
problems, please ¢ontinue to fill(check) the followimg
guestions(in case of you are now performing any research
and/or have any reseach programs for geomicrobial effect
‘on geological diszposal):

2.Current Study Related
{1)What 4o you think the phase of your own current study
on the microbial activity in your whole research

program?

Preliminary/Basic/ApplIed

Comments:
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(2)What kind of study are you doing now?

a.Preparation for a study

(e.g. Research Program Arrangement)

b.Preliminary study.

(e.g. Literature Survey)

c.Field tesi-1

(e.g. Sampling,Count,Identification of Micreobes,
etc.,)

d.Field test=2

(e.g. Study on their Phenomenon : Nuclide
Migration, Sorption, Alteration of Ground
Water Chemistry, etc.,)

e.Laboratory Test~1
. {e.g, Sampling,Count,Identification,

Enrichiment, etc.,)

f.Laboratory Test-2

(e.g. Study on thelr Metabolic Activity :Inter-
action with Organic/Inorganic Materials,
Alteration of Ground wWater Chemistiry, Uptake
of Nuclide, etc.,)

g.Effect of radiation on microbes

{e.g. Radiztion Damage, Resistivlity, étc.,)

h.Model Formation ({w Lame é..v‘r{dn‘f_)

(e.g. Prediction Model for Microbial Effect on
Geochemical Environment including the Issues
of Nuclide Migration, Sorption,Ground Water
Chemistry, etc.,)

Commentsg:
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(3)What kinds of expertise are assigned to and are
reqguired for the program?

a.Currently Assigned:

Geologist{BiologisE/Physiologist/Chemisg
Phisicist/Others( . Y

b.Reguired Assignees:

Geoleoglst/Biologist/Physiologist/Chemist
Phisiecist/Others( _ )

Comments:

(4)What kinds of microbe d4id you confirm the existence in
ground water or In s0il?

mzé"ﬂmog:m’i anol Qﬁ(fl‘“k
n;{xc«'@ by cterig

{5)Could yOu'give us your test site name, location, depth,

and its{their) type of rqck where you took water(soil)

sample related to the above (4) question.

/‘c\‘w‘é'/ Af&fé'/ ookl L ox Lmar anA s‘z}p,'ﬁﬁ
T O{Léf.tg_;'f ,_c‘qm/p/@a' belonw B0 m
G‘mﬂ}'ﬁ'c r\oc/(
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(6)What kinds of sampler is adapted for the collection of
groundwater and/or s0il? Any development did you neeqd
to take an undisturbed sample from undergrcound in order

to avold contamination?
A S‘féctf'af{ .é?ibt:'f?mt*n‘ WAt 0&&-5/@7’(/(

in order v oblaly undisturécd
grrandnatts Sa Grym  poackd o
Seohons I Card Ari et bortbyly o

gflwuq ‘1 &t #1dxfﬂﬂuwﬂ dﬁ%nyl o{tﬁélu{4ﬂﬁ&*ﬂ,

{7)What microbial activities are reqguired to evaluate
from the viewpoint of safety analysls for nuclear waste
disposal? Please collect the 5 highest prioxrity.

(e.g. Alteration of groundwater chemistry, Radionuclide

uptake, etc.,)

The twne txempld yon reabon are wd
phyven torm HLw. For L& LEW 3ok

may  condidhn v adol : oos ﬁgﬁg%é};ﬂ
_an/:( Cf"i?“t’f"é"ﬂ of C&'M/J.\ZW ﬂf,«m-:,’:;; A{jdﬁ-ﬁd}.

(8)What kinds(species) of microbe are required to study
for their activity in underground and/or digsposal site

for nuclear waste?

Thal olt d-w[.r on Tthe Céw.!mf'a'*-/fﬂw'wa.wﬁr{

{ bind of wmicrohkial lde [t can fuqrtein,
neld on the /aaiéq?‘a'ai a il sl

L, plat har to be aweced

wha
It alie chpt
ol tfr on Ythp wAd
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(3)Are you now performing hot test (using radicactive
nuclieds) to investigate the microbial activity or.do
you have any plans to use radiocactive nuclides in your

" study?

a.Currently : Yes/No

b.Plans t Yes/No

Comments: [) fay det ol radsonvelicdls on
/ vy adtby wbed
m-'gf’wée-l arl b!:j 1&44.{@4

(10)What kinds of hot test do you élan now and/or what
kinds of hot test are required to perform to study
the microbial activity for the nuclear waste disposal
program?

ln ﬁ“'tﬂ doaty a4 by :'nj,?
¢ ok p (n¥ oo |
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And the following qguestions are miscellaneous jissues of
the biolegical activity in puclear waste management.

3.Miscellanecus

{1)what do vyou think about the priority of study on miczro-
bial activity in nuclear waste disposal program.

P ori High d.
riority =« gh/Mid. /Low

Comments:

{2)YWhat kind of technology do you need to be developed for
your microbes study? Please make any comments.

E?b{;}: 141_6'17‘ A"“ " J:Y‘h gﬁ/‘é"t;"’\{h E\J

(3)We would very much appreciate 1t when you could ¢give us
recommendation of any meeting, conference, and work-
shop related to the microbe satudy in radioactine waste

managemean ..
Inﬁgrmql meeh ¢ bharg betn Ad(;{
Mugbt 14 J‘m{jmf(
HI‘ N Chr‘:_ﬂ%é‘
P"//tft"fah Aet, talt

NMat Jdr' H.&4"‘f£
/& CJNCﬂfw{P

CD/A/&W(&H Cz‘f /[0 SO
9001&%m4¥

Thank you very much.
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BAER 4.9 Meeting Progranm
3rd Meeting of the International Group MIND
-¥icroorganisms in Nuclear ¥aste Disposal-
Edinburgh, Scotland, September 12-14, 1990

(AECL X b))
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NAPIER POLYTECHNIC
POLLUTION RESEARCH UNIT
DEPARTMENT OF BIOLOGICAL SCIENCES
3rd Meeting of the Internaf *mLQmm.MI:’BZD.

Edinbureh. Scotiand. September 12-14, 1990

Venue: Boardroo.m, Craigléckhan Campus, Napier Polytechnic, 219 Colinton Road, Edinburgh
EH14 1DJ

Sponsor: UX NIREXLTD

Wednesdayv 12 Sentember 1950

i gen
Moming Session
09.30 Coffee
09.50 ‘Welcome Address: Professor K. J Anderson, Depute Principal,
Napier Polytechnic, UK
10.00 General Information/ Nick Christofi, Napier Polytechnic, UK
Introducton
10.15 Resume of Second - Anita Mc(f‘.abe, Nuclear Electric, UK
MIND Meeting held

in Stockholm, 1988

10.43 Coffee

11.00 Objectives of the Third Nick Christofi, Napier Polytechnic, UK
MIND Meeting .
NIREX Viewpoint ' Ainsley Francis, UK NIREX Ltd, UK
11.45 Summary of participants' All/Most delegates

recent activitdes

12.30 Lunch
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Yenue:

NAPIER POLYTECHNIC

POLLUTION RESEARCH UNIT

DEPARTMENT OF BIOLOGICAL SCIENCES

3rd Meeting of the Internationgl Group MIND

= Microgrganisms in Nuglear Waste Disposal -

inburg Ian

2.14, 199

Boardroom, Craiglockhart Campus, Napier Polytechnic, 219 Colinton Road, Edihburg}_ ,

EHI14 1DJ

Wednesdav 12 Sevotember 1990

Agenda

Afternoon Session

14.00

14.45

15.30

16.00

16.30

US Experience in Deep Subsurface
Microbiology - overview of DOE
Deep Microbiology Program

Comparative Deep Microbiology -
Preliminary Results from the DOE
Research in South Carolina and Idaho

- Coffee

RESEARCH PROGRAMMES

The Status of the Swiss
Microbiology programmes

The potential for microbial life in 2
Canadian high-level nuclear fuel
disposal vault - a nutrient and energy
source analysis
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Frank Wobber, Deparmment of Energy,
USA -

David Balkwill, Florida State Univer-
sity, USA

Chairperson: Helen Grogan, INTERA-

ECL, UK

Helen Grogan, INTERA-ECL, UK

Simcha Stroes-Gascoyne, AECL Ltd,
Canada
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VYenue:

NAPIER POLYTECHNIC
POLLUTION RESEARCH UNIT
DEPARTMENT OF BIOLOGICAL SCIENCES

3rd Mesting of the Tnternatignal Group MIND

- Micrporoanisms in Nuclear Waste Disposal -

Edinbureh. Scotland. September 12-14. 1990

Boardroom, Craiglockhart Campus, Napier Polytechnic, 219 Colinton Road, Edinburgh

EH14 1DJ

Thursdayv 13 _September 1990

Moming Session

09.00

09.30

10.00

10.20

10.40

11.00

11.30

12.00

EXPERIMENTAL TECHNIOUES

Black-box Microcosmsin
Studying Microbial Effects

Mechanisms of Anaerobic
Microbial Transformations of

Uranium in Mixed Wastes

Physiological smdies with
alkalophilic microorganisms

Modelling of bacterial dynamics

in Swiss L/ILW repositories - the

tale of homogeneity
Coffes

Microbiological Research in
Support of the UK NIREX
Safety Assessment

Microbial Degradation of
Bimumen and L/ILWastes in
a Deep Repository

Evaluation of Cement Degrada-
tion induced by metabolic
products of heterotrophic and
autotrophic microorganisms

Lunch

oen

Chairperson: Nick Christofi, Napier Polytechnic, UK

Julia West, Britsh Geological Survey, UK

A ] Francis, Brookhaven National Laboratory, USA

Reinhard Bachofen, University of Zurich, Switzerland

H Arter, University of Zurich, Switzerland

Alan Rosevears, AERE, Harwell, UK
Nadia Langorhazino, CEC Cadarache, Franc;c

:Jos'ﬁée Perfettini, Centre d'Etude Nucleaires de
Fontenoy, France
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NAPIER POLYTECHNIC
POLLUTION RESEARCH UNIT

DEPARTMENT OF BIOLOGICAL SCIENCES

. 3rd Meeting of the International Group MIND
- Microorganisms in Nuclear Waste Disposal -
Edinbureh, Scotland, September 12.14, 1990

Venue:  Boardroom, Craiglockhart Campus, Napiér Polytechnic, 219 Colinton Road, Edinburgh
EHI14 1DJ -

Tﬁursdav 13_September 1990

Afternoon Session

DISCUSSIONS
14.00 How do experimental results Discussion Leader: .

fit into release/migration models Mike Thome, Elektrowatt, UK

Gaps in experimental work : Discussion Leader:

. S. Stoes-Gascoyne, AECL Ltd,. Canada

15.30 Coffee )
i5 .45. Analogue systems - Discussion L.eadsr: Julia West,r BGS
21.00 Meeting Dinner Loon Fung Cantonese Restauzhnt,

32 Grindlay Street, Edinburgh
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NAPIER POLYTECHNIC
POLLUTION RESEARCH UNIT

DEPARTMENT OF BIOLOGICAL SCIENCES

3rd Meeting of the International Group MIND
- Microgreanisms in Nuclear Waste Disposal -
Edinbyrgh, Scotland, September 12-14, 1990

Venue: Boardroom, Craiglockhart Campus, Napier Polytechnic, 219. Colinton Road, Edinburgh
‘ EH14 1DJ ' .

Friday 14 Seotwember 1990

Moming Session

09.00 The Wav Forward Discussioh I eaders:
. A T Francis, UK NIREX Lid, UK
A Rosevears, AERE, Harwell, UK

10.40 Coffee
11.00 Further Discussion and Summary

1230 Lunch

END OF MEETING
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NAPIER POLYTECHNTC

POLLUTION RESEARCH UNTIT

'DEPARTMENT OF BIOLOGICAL SCTENCES

drd Meeting of the International Group MIND

Edinburgh, Scotland, Ssptember 12-14 1990

Delegate List

Dr H Arter ' Univérsity of Zurich, Switzerland

Prof Reinhard Bachofen University of Zurich, Switzerland

Dr Devid Balkwill Florida State University, USA

Dr Nick Christofi Wapier Polytechnic, UK

Mr Kavin Clzyton British Wuclear Fuels Ple, UK

Dr David Coutts Harwell Laboratory, UK

Dr bavid Dickson ; Elektrowatt Enginesring Servieces Ltd, UK

Miss Ainsley J ¥Francis UX NIREX Ltd, UK

Dr Arokiasamy J Francis Brookhaven National Laboratery, Usa

Dr Hzlen Grogan Intera ECL, UK

Dr Nadiz Langomzzino Centres d'Etude Nuclezires, France

Dr Anita McCazbe Nuclear Electric, UX

Dr Josee Perfettini . ' Centres d'Etude Nucleaires, Féance

Dr Tom Praston Scottish Universities Research and Reactor
) Centre, UK -

Ms Carol Robson Napier Polytgchnic, UK

Dr Alan Rosevear Harwell Laboratory, UK

Dr Simcha Stroes-Gascoyne Atomic Energy of Canada Ltd, Canada

Dr. Andrew Vinten East of Scotland College of Agriculture, UK

Dr Julia West British Geological Survey, UK v

Dr David Widdowson University of Leicester, UK

Dr Frank Wobber Department of Energy, USA

Dr Martin Wood Reading University, UK
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Rates of production of metal complexing agents by bacteria and fungi.
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THE DEEP REPOSTTORY ENVIRONMENT

Ainsley Francis ,
Research and Development, UK Nirex Ltd

UK. Nirex Ltd (Nirex). was set up by the nuclear industry with the agreement of the government
to carry out the national strategy for the disposal of solid low (LLW) and intermediate
level (ILW) radioactive waste. Nirex’s intention is to dispose of both categories of waste

in a repository built deep underground.

Two sites, the Sellafield site in Cumbria owned by British Nuclear Fuels and the Dounreay
site in Caithness owned by the Atomic Energy Authority are being investigated as potential

sttes for the deep repository.
Wastes will be packaged and stored prior to disposal. The composition of the wastes varies

widely. The repository is likely to cohjstructed in bard rock at a depth of 500m to 1000m.
Packaged waste will be disposed of in vaults accessed by shafts and transfer mnnels.

Wastc packages will experience a range of conditions in terms of temperarure, pH, Eh and the
availability of free oxygen and water during repository operation and post closure.

Degradation of the wastes will occur through the processes of metal corrosion, alkaline
hydrolysis, microbial action and of less importance radiation.
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THE POTENTIAL FOR MICROBIAL LIFE IN A CANADIAN HIGH-LEVEL NUCLEAR FUEL
VASTE DISPOSAL VAULT: A NUTRIENT AND ENERGY SOURCE ANALYSIS

by

S. Stroes-Gascoyne

Recent studies have shown that microbial contamination of a
nuclear fuel waste disposal vault is inevitable. Factors that will affect
the development of a substantial population of micro-organisms include
physiclogical tolerance of microbes, fluid movement in a vault,

" availability of nutrients, and availability of energy sources.

“ It is difficult to resolve whether microbial growth will either
positively or negatively affect the performance of a2 vault. One of the
necessary steps towards ultimately ansvering this question is to assess the
potential for microbial growth in a disposal vault based on a nutrient and
energy budget. This paper gives a quantitative (but conservative)
inventory of nutrients and potentizl energy sources present in a conceptual
Cznadian nuclear fuel waste disposal vault. HMeximum population densities
have been calculated based on these inventories and assuming that all
conditions for microbial growth are optimal, although this will certainly
not be the case. Preliminary laboratory studies under simulated vault
conditions have been performed in an attempt to establish realistic )
boundaries for the calculated numbers. Imitial results from these studies,
combined with data from a natural analogue site, indicate that the _
calculated population densities in solution could be overestimated by four
to five orders of magnitude. Limited data show that the presence of
microbes has no efect on the transport of Tc, I and Sr in backfill sand
columns.
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MICROBICLOGICAL RESEARCH IN SUPPORT OF THE NIREX SAFETY ASSESEMENT

: Alan Rosevear
AEA Environmant and Energy, Harwell Lsboratcry,

The Nirer pregremme =t Harwell 1s considering the effect of microbial
action on the repository near fileld. Envircamentel cenditions in the waste
will he extireme compered wilh that normally encountered in soil or domestic
lendfill i.e. high pH, poor availability of nutrients, low water activity,
However, axperimentel work has illusirated thet the organic material in the
waste will be attacked in a mznner whlch is net qualitatively different
from thet of commonly ancountered situations. In particular, alkalitolerant

- organlsms able te survive both aerobic end anzerobic conditions have been
identifisd in the normal environment and scil has proved %o be an adequate
source of mlxed consortia of degradative microbes. In addltion it is
proposed that the haterogeneity of the wasle will creaste environmental
niches which are temporarily insulsted froam the more exirsme conditions.
Howvever, the ebsance of putrescible materiel will slow the rate of
microbial degradation compered with landfill waste.

Prezent indications are lhat the effects of microbisl acticn on gas
production, acid formatleon end complexation will not be mere significant
than thess already allowed for in.consideraiion of chemical processes. A
comprehenalve model linking substrate avellabliliiy, microbial growth and
final partilloning of the carbon between gzs, soluble organics and
insoluble meieriels has besn uszed to predict eveolution of & rapository. The
degrea to which the azzumptlons on homogenelty and evmilability of
nutrients in ths weste lnfiuence the developmant of Lhs systzm will ba
addrasssd in the future sludies.

1378780
MIND 100 El
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{ 1 1

4 A ITUM, AND T L - W’O&G—D&ﬂm's_

A blown bitumen Mexphalte R 90/40 with a high saturates conteat subjected to the

- action of several microorganisms was degraded in a same cxtent.SJn ba:ah condition§
maximal biodegradation was estimated to about 9 % W/W, 3,2 10°7 g/em® and 3,1 10°
¢m of deg; aled bltumen from Saccharomycopss lipolytica data, The Mexphalte R90/40
degradation rate, monitored by CO,, release was closely linked with a biofum formation,
The microbial activity leads mainly to 2 n-saturates oxidation, A direst distillation
bitumen 80/100 with 2 low saturates content and high aromatics and fesins contents
presented a resistance to the biodegradation.

The qualitative assessment of the matrix resistance, with regards to the ASTM G21 and
G22 standards modified in the laboratory by means of the intreduction of more specific
microorganisms shows that :

. The MR 90/40 bitumen is not resistant 1o bacterial attack. Nine out of eleven strains
have given a positive response. :

- The M 80/100 bitumen appears to be resistant to bacterial attack, since all the tested
strains provide no significant microbic development.

- The STE3 LA HAGUE MR 50/40 sludge coating can be considersd as noa-
biodegradable in the sense that sludges present and freed in the culture medium
partially inhibit bacterial groxth. The M 80/100 coating is resistant to bacterial
degradation.
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! EVALUATION OF THZ CEHENT DEGRADATION INDUCED BY THE
METABCLIC PRODUCTE OF MICROBIAL STRAINS .

J. PERFETTINI, E. REVERTEGAT, N. LANGOMAZINO

During their metabolism, micreonrganisms can produce acids
able to induce the degradation of cement (Ordinary Portland
Cement) used as packaglng matrix for radiocactive wastes.

Three acidifying but alkalophilic strains have Lzen
isolated from a soil sample : one bacterium, a_Péeudomonas,
and two fungi, an Aspergillus niger and a Mycelia sterila.

These  strains produce organic acids during the
decomposition of glucose. The degradation of cement caused by
these microbial ocultures duriﬁg' eleven months ,has been
assessed -by measuring the leaching of elements (Al, Ca, si)
from the structure, the dissolution of-portlandita-crystals
(Ca(OH},), the change in porosity and in bending strength. The
results obtained are presented below :

r

Pseudomonas Aspergillus Mycelia
Acids (mmol) Formic 7,85 Oxalic 19,861 Malic 10,23
lactic 7,16 Gluconic 5,87 Gluconic 5,61

Acetic 4,75
Gluconic 4,37

s e — B M R e AN ey = ey

Al leached (%) 0,13 0,28 6,76

Ca leached (%) 1,18 2,46 4,19

{81 leached (%) G,44 0,64 1,23

Ca (OH) 5 -

dlssolved 36% 80% 74%
Pbrosity © +8,5% +11,4% : . +11%
.....*__.._.‘._..._._. ———————bete e Ay e i 84t Bt 4 teme (PR P v amm - e =
Bending strength 50% -78% —62%

Another kind of experiments is now performing : samples of
various cement (OPC, CLC) are plunged (for one Yyear) into the
culture medium of heterotrophic (Aspergillus and Trighoderma)
or autotrophic (Thiobacillus) microorganisms. Thesse
microorganisms produce organic acids or sulfuric acid and the
' degradation caused is going to be measured.
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